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Sir: 



1. I, Peter Turecek, being duly warned that willful false statements and the like are 
punishable by fine or imprisonment or both (18 U.S.C. § 1001), and may jeopardize the validity 
of the patent application or any patent issuing thereon, state and declare as follows: 

2. All statements herein made of my own knowledge are true, and statements ma de 
on information or belief are believed to be true and correct. 

3. I am a named inventor on the above-referenced patent application. I received my 
B.S. from University of Vienna in 1985 and my Ph.D. from the University of Vienna in 1987. I 
am currently the Director of Global Preclinical R & D at Baxter Bioscience. I have been in this 
and related positions for 16 years. I have been in this position since 1991 . I have numerous 
scientific publications in the field of plasma proteins, blood coagulation, hemostasis, 
immunology, plasma fractionation technology, including pathogen inactivation methods.. A 
copy of my CV is attached as Exhibit 1 . 



4. I have read and am familiar with the contents of the subject patent application. I 
have also read the Office Action received from the United States Patent and Trademark Office 
dated October 5, 2004. It is my understanding that the Examiner is concerned that the claimed 
pharmaceutical preparations comprising at least 10 nM Willebrand Factor (vWF) propeptide 
("pvWF") treated for virus inactivation and/or virus removal and suitable for therapeutic 
administration, are anticipated by the disclosure of Takagi et al, J. Biol. Chem. 264(1 1): 6017- 
6020 (1989). More particularly, the Examiner has alleged that there is no basis to believe that 
the ppvWF preparation of Takagi et al. is contaminated with viruses. 

5. This declaration is presented to demonstrate that there is a scientific basis to 
believe that the ppvWF preparation of Takagi et al. has a serious medical risk of being 
contaminated with viruses, i.e., that there is a scientific basis to believe that the ppvWF 
preparation of Takagi et al. is contaminated with viruses. 

6. It is well settled in the art that there is a serious medical risk that blood and blood 
products are contaminated with viruses, and that viral inactivation procedures are required to 
render blood and blood products suitable for therapeutic use. Numerous scientific references 
discuss the issue of viral contamination in blood products and emphasize the importance of viral 
elimination and inactivation procedures to minimize the risk of viral contamination of blood 
products, i.e., so that the blood products are suitable for therapeutic administration (see, e.g., 
Remington etal, Vox Sang. 87(l):10-8 (2004); Jackson, Br. J. Biomed. Sci., 60(4):227-32 
(2003); and European Agency for the Evaluation of Medicinal Products (EMEA), Note for 
Guidance on Assessing the Risk for Virus Transmission - New Chapter 6 of the Note for 
Guidance on Plasma-derived Medicinal Products CPMP/BWP/5 180/3 (2003), copies enclosed 
as Exhibits, 2, 3, and 4). Jackson et al. explains that blood can harbor pathogens, including 
viruses (see, page 227, col. 2, first paragraph) and points out that "viruses are the main target for 
pathogen activation" in blood products such as plasma and platelet concentrates (see, e.g. , page 
228, col. 2, fourth full paragraph and page 229, col. 2, ffif 6 and 7). As the EMEA states, "it 
should be assumed that each virus particle entering the plasma pool might be infectious" (see, 
page 3, §2, second paragraph of Exhibit 4). Jackson stresses the importance of using viral 
elimination or inactivation steps in the preparation of any blood products because "effective 
pathogen inactivation technique[s] would achieve greater transfusion safety" (see, page 228, col. 



1, last full paragraph). Without such treatment, the blood products cannot be said to suitable for 
therapeutic administration. Jackson and Remington et al also set forth the commonly used 
methods for viral inactivation of blood products: pasteurization, photochemical treatment, 
methylene blue treatment, solvent detergent treatment, and caprylate treatment. Moreover, both 
the EMEA and the World Health Organization ("WHO") have published materials to provide 
advice to ensure the safety for plasma derived medicinal products, i.e., by minimizing the risk of 
virus transmission by plasma-derived products (copies enclosed as Exhibits 5, and 6). Both the 
EMEA and the WHO advise the inclusion of virus removal and inactivation steps during the 
manufacture of blood products for therapeutic administration to minimize the risk of viral 
contamination {see, e.g., page 2, §§ 1.5(i)-(iii) of Exhibit 5, and page 2, col 1, second paragraph 
of Exhibit 6). Therefore, based on what is known in the art, one of skill in the art would 
appreciate that unless blood products are subjected to viral elimination or inactivation 
procedures, blood products are not suitable for therapeutic administration, 

7. Takagi et al describes preparation of ppvWF from platelet concentrates using 
column chromatography. The ppvWF preparation of Takagi et al. does not undergo any 
procedures for viral inactivation or elimination. 

(a) As set forth in Takagi et al, platelet concentrates are first sonicated, then 
dialyzed {see, page 6017, col. 2, lines 20-26). Neither sonication nor dialysis inactivates or 
removes any viruses present in the platelet concentrates. It is well known that intact viruses can 
be prepared from sonicated cells. It is also well known that dialysis is not effective in removing 
viruses from aqueous solutions. Dialysis is commonly used for removing salt from aqueous 
solutions while retaining a product of interest {e.g. , a protein). The small size difference between 
protein products of interst {e.g. ppvWF) and viruses requires the use of dialysis membranes with 
pore sizes that do not allow the passage of viruses out of the solution. Therefore, the sonicated, 
dialyzed platelet concentrates will contain any viruses present in the initial platelet concentrate. 

(b) According to the methods of Takagi et al, the sonicated, dialyzed 
concentrates are next passed through a collagen column to capture collagen-binding proteins 
{e.g., blood coagulation factors such as ppvWF) which are eluted by raising the salt 
concentration of the column buffer {see, page 6017, col. 2, lines 25-32). Many viruses bind 
collagen. Therefore, any viruses with collagen-binding proteins that are present in the platelet 
concentrates will bind to the collagen column and will be present in the eluate. 



(c) Next, Takagi et ah pass the eluate from the collagen column through an 
organomercurial-agarose column which binds and eliminates only proteins with free SH groups 
(see, page 6017, col. 2, lines 32-36). With a few notable exceptions (e.g., Factor XIII), intact 
proteins typically do not contain free SH groups. Free SH groups are extremely reactive and are 
usually present only in denatured proteins, degraded proteins, or proteins treated to expose SH 
groups. Thus, viruses with intact proteins will also pass through the column and be present in 
the eluate. 

(d) Finally, Takagi et ah pass the eluate from the organomercurial-agarose 
column though a lectin-agarose column to capture glycoproteins which are then eluted using a- 
methylmannose and the eluate containing glycoproteins is dialyzed (see, page 6017, col. 2, lines 
36-39). Many viruses have glycosylated proteins (e.g., HIV gpl60) and such viruses will also 
be present in the eluate. As discussed above, dialysis does not remove viruses from aqueous 
solutions. Thus, the final eluate will contain glycoproteins including, ppvWF and viruses with 
glycosylated proteins and/or collagen-binding proteins. 

(e) Therefore, in the absence of any viral elimination or activation steps, there is a 
serious medical risk that viruses present in the platelet concentrates would also contaminate the 
final ppv WF preparation of Takagi et ah Moreover, Takagi et ah does not describe any of the 
standard viral inactivation or elimination procedures (i.e., pasteurization, photochemical 
treatment, methylene blue treatment, solvent detergent treatment, and caprylate treatment), much 
less that they can be used to remove or eliminate viruses. Accordingly, Takagi et ah, does not 
describe the presently claimed preparation of pro-vWF that is suitable for therapeutic 
administration. 

8. The distinguishing feature between the presently claimed pharmaceutical 
preparation of provWF and the ppvWF preparation described in Takagi et ah is the striking 
difference in the risk of viral contamination. The significantly improved safety of the claimed 
pro-vWF preparations is vitally important to patients receiving the preparations. Therefore, the 
crucial issue is not whether the ppvWF preparation of Takagi et ah does indeed contain viruses, 
but rather, whether it could be contaminated with viruses. From a medical point of view, there is 
a serious risk of contamination associated with the ppvWF preparation of Takagi et ah As 
discussed above, due to the high medical risk of contamination, viral inactivation procedures are 
essential for products obtained from plasma. Thus, a skilled person, i.e., a physician, would not 



consider the ppvWF preparation of Takagi et at. to be suitable for therapeutic administration.. 
The high medical risk is minimized in the claimed pro-v WF preparations by viral inactivation 
procedures. In contrast, the ppvWF preparation described in Takagi et ai was not treated with 
any viral inactiVatiqn methods and is not suitable for therapeutic administration. 

9. In view of the foregoing, it is my scientific opinion there is a scientific basis to 
believe that the ppvWF prepa.raii.on of Takagi et al has a serious risk of being contaminated with 
viruses and, accordingly, the ppvWF preparation is not suitable fer therapeutic admimstratioTi. 

10. The Declarant has; nothing further to say; 

Date: I c,,„ S — - 04 By: Z m^^ 

Peter Turecek, Ph.D. (/ ^ 
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Background and Objectives Human plasma is the source of a wide variety of 
therapeutic proteins, yet it is also a potential source of viral contamination. Recent 
outbreaks of emergent viral pathogens, such as West Nile virus, and the use of 
live vaccinia virus as a vaccine have prompted a reassessment of the viral safety 
of plasma- derived products. The purpose of this study was to evaluate the efficacy of 
current viral inactivation methods for West Nile and vaccinia viruses and to reassess 
the use of model viruses to predict inactivation of similar viral pathogens. 

Materials and Methods Virus-spiked product intermediates were processed using a 
downscaled representation of various manufacturing procedures. Virus infectivity 
was measured before and after processing to determine virus inactivation. 

Results The results demonstrated effective inactivation of West Nile virus, vaccinia 
virus and a model virus, bovine viral diarrhoea virus, during pasteurization, solvent/ 
detergent treatment and caprylate treatment. Caprylate provided rapid and effective 
inactivation of West Nile virus, vaccinia virus, duck hepatitis B virus and Sindbis 
virus. Inactivation of West Nile virus was similar to that of bovine viral diarrhoea virus. 

Conclusions This study demonstrates that procedures used to inactivate enveloped 
viruses in manufacturing processes can achieve inactivation of West Nile virus and 
vaccinia virus. In addition, the data support the use of model viruses to predict the 
inactivation of similar emergent viral pathogens. 

Key words: caprylate, pasteurization, solvent/detergent, vaccinia virus, virus inactivation, 
West Nile virus. 



Introduction 

Plasma-derived products, such as clotting factors, intravenous 
immunoglobulins, alpha t -proteinase inhibitor (a, -PI) and 
human serum albumin, are routinely used in clinical practice 
and the safety of these products with respect to transmission 
of infectious viruses has never been higher. The high margin 
of viral safety can be attributed to a number of measures that 
manufacturers have implemented during the last decade. These 



Correspondence: Kathryn M. Remington, Cardinal Health, P.O. Box 13341, 
Research Triangle Park, NC 27709, USA 
E-mail: kathrYn.remington@cardinal.com 



measures are part of a multifaceted strategy for pathogen safety 
that includes donor screening, donation testing, virus inactiva- 
tion or removal measures during manufacture, strict adherence 
to good manufacturing procedures and post-use surveillance 
of products. However, recent outbreaks of emergent viruses, such 
as West Nile virus { WNV), severe acute respiratory syndrome 
(SARS)-associated coronavirus and monkeypox, have indicated 
that potential threats to the blood supply exist and have resulted 
in a re-evaluation of the current pathogen safety strategy for 
plasma products. 

Although donor deferral and plasma donation screening 
effectively provide safety for known pathogens, the presence of 
a new or emergent virus cannot be detected when its existence 
is not anticipated. Consequently, robust viral clearance 



10 



Inactivation of West Nile virus, vaccinia, and model viruses 1 1 



procedures within manufacturing processes are critical. The 
capacity of these procedures to remove or inactivate viruses 
is validated in small-scale studies in which high levels of 
virus are spiked into a manufacturing intermediate and the 
reduction of infectious virus is measured. Typically, a number 
of these experiments are performed, each using a different 
virus that could potentially be present in plasma. Some 
potential contaminants, such as hepatitis C virus (HCV) and 
parvovirus B 19, cannot be readily cultured in vitro. For viruses 
like these, a closely related virus with similar physicochem- 
ical properties, and which can be easily propagated in the 
laboratory, is used [1]. Like HCV, bovine viral diarrhoea virus 
(BVDV) is a member of the Flaviviridae and has been used for 
many years as a model for HCV. Other viruses, such as the 
Flaviviruses yellow fever virus and tick-borne encephalitis 
virus, as well as the Alphaviruses Sindbis virus and Semliki 
Forest virus, have also been used to model HCV. Inactivation/ 
removal of BVDV and other HCV model viruses by various 
manufacturing processes has effectively represented HCV 
clearance, as evidenced by the lack of HCV transmission by 
products which have claimed significant levels of BVDV 
clearance. 

WNV, a mosquito-borne encephalitis virus, is now epidemic 
in the United States. Most WNV-infected individuals have 
subclinical infections, with a short, but defined, viraemic 
period. During epidemics of WNV infection, when the pre- 
valence of viraemia within the population is high, the risk of 
a viraemic blood or plasma donor is also high. In fact, in 
2003, WNV was transmitted to transplant recipients from an 
infected organ donor and to recipients of whole blood and 
platelets from infected donors [2]. This resulted in the imple- 
mentation of a United States Food and Drug Administration 
(FDA)-endorsed WNV screening programme for whole blood. 
The programme includes donor deferral questions and nucleic 
acid amplification tests (NATs) [3-5]. The FDA and the Euro- 
pean Agency for the Evaluation of Medicinal Products (EMEA) 
concur with manufacturers of plasma products that various 
viral-inactivation measures used during the processing of 
these products are sufficient to provide a high degree of safety 
for this virus [3,6], 

The live vaccinia virus { W) vaccine has recently been used 
as part of the United States National Smallpox Immunization 
Program. In an interim recommendation, the Centers for 
Disease Control advised immunization with this vaccine for 
individuals at risk for monkeypox infection [7], The possibility 
of transmission of W during whole blood or plasma dona- 
tions by recently vaccinated individuals has resulted in rec- 
ommendations by the FDA to defer donors who have recently 
received the smallpox vaccine [8]. 

We have recently evaluated the inactivation of two newly 
emergent potential contamination threats: WNV and W W 
is a unique enveloped virus, with complex lipid membrane 
structures [9]. Although some studies have evaluated W 



inactivation, it is not always included in the panel of viruses 
used for virus clearance studies for plasma- derived products. 
WNV, a member of the Flaviviridae, is closely related to 
BVDV, which has been used for many years as a model for 
HCV. It would be expected, then, that WNV inactivation 
would be similar to that of BVDV, and that WNV-inactivation 
studies could verify the validity of using BVDV as a model 
for virus-inactivation studies. The virus-inactivation data 
presented here demonstrate that current virus-inactivation 
procedures provide inactivation of WNV and W and support 
the use of virus-inactivation data from model viruses. 

Materials and methods 

Plasma product intermediates 

Manufacturing process intermediates for anti-haemophilic 
factor (AHF) (Koate®-DVI), intravenous immunoglobulin 
(IVIG-S/D when produced using the solvent/detergent process: 
Gamimune®N; FVIG-C when produced using the caprylate/ 
chromatography process: Gamunex®), intramuscular immu- 
noglobulin (IGIM) (BayGam®), a r PI {Prolastin®) and albumin 
(5% and 25%; Plasbumin®) were obtained from the Bayer 
HealthCare plasma fractionation facility (Clayton, NC). Human 
plasma protein solution (HPPS) was obtained from the Bayer 
HealthCare recombinant factor VETl (Kogenate®FS) manu- 
facturing facility (Berkeley, CA). HPPS is used as a component 
of the production medium for Kogenate®FS and is a 5% human 
albumin protein solution. 

Pasteurization 

For pasteurization studies, an aliquot of stabilized otj-PI, 
HPPS, 50/0 albumin or 25% albumin was heated to 60 ± 0-5 °C 
and then spiked to 10% (v/v) with WNV, W or BVDV. The 
virus spike and product were mixed well and incubated at 
60 ± 0-5 °C for 10 h. Aliquots were removed at the indicated 
times, placed on ice and immediately assayed for infectious 
virus. A separate, unheated, virus-spiked product sample was 
used to determine the initial virus concentration. The o^-PI 
intermediate, pH 6-5, was stabilized during pasteurization with 
0-38 m citrate and 37% sucrose. HPPS and albumin were 
aqueous solutions at pH 7 0; HPPS and 5% albumin were 
stabilized with 4 mM N-acetyl-DL-tryptophan and 4 miw sod- 
ium caprylate, while 25% albumin was stabilized with 20 mM 
W-acetyl-DL-tryptophan and 20 mM sodium caprylate. Small- 
scale pasteurization experiments were performed in 30 -50 ml 
volumes. During manufacture, albumin is pasteurized in its 
final container, and so the volume of the virus experiments 
was similar to that of production. Prolastin pasteurization 
experiments were approximately 0*04% of production scale 
and HPPS pasteurization experiments were 0 003% of 
production scale. 
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Tri-(n-butyl)-phosphate/Tween 80 treatment 

During the production of AHF, the product intermediate is 
treated with 0*3% tri-(n-butyl)-phosphate (TNBP)/1% poly- 
sorbate 80 (Tween 80) for 6 h at 24-30 °C. For these studies, 
a concentrated stock solution of TNBP/Tween 80 was added 
to aliquots of AHF intermediate solution to 0*3%/ 1% or 0* 1 5%/ 
0-5%. Virus was added to the solution to 10% (v/v). The mix- 
ture was incubated at 28 ± 0 5 °C for 6 h, and aliquots were 
removed for titration at the indicated time-points. Virus, 
added to Hank's balanced salt solution (HBSS) to 10% (v/ v), was 
an untreated control. Small-scale experiments were conducted 
in 40-ml volumes, approximately 0-5% of production scale. 

Tri-(n-butyl)-phosphate/cholate treatment 

During the production of IVIG-S/D or IMIG, the process inter- 
mediate is incubated in 0*3% TNBP/0-2% sodium cholate 
(cholate) for 6-8 h at 30 ± 2 °C. The protein concentration 
is adjusted to 6-7*5% and the pH is adjusted to 5-5-5*7. For 
W-, WNV- or BVDV-inactivation studies, concentrated TNBP/ 
cholate from a stock solution was added to an aliquot of 
process intermediate to 0-3%/0*2% or to 0* 1 5%/0* 1% and then 
spiked to 10% (v/v) with virus. The mixture was incubated at 
28 ± 0*5 °C for 6 h and aliquots were removed at the indi- 
cated time-points for quantification of infectious virus. HBSS 
was spiked to 10% (v/v) with virus and used as an untreated 
control. Small-scale experiments were conducted in 40-ml 
volumes, approximately 0 005% of production scale. 

Caprylate treatment 

The caprylate-inactivation experiments were carried out 
as described previously [10]. Briefly, caprylate was added to 
Gamunex® intermediate to a specified final concentration. 
Throughout the addition of caprylate, the pH of the process 
intermediate was maintained at 5*1 by adding either 1-0 m 
acetic acid or 1 -0 m sodium hydroxide. The solution was then 
spiked to 10% (v/v) with virus that had been pH-adjusted to 
5 0-5*2 and the virus-spiked solution was incubated at 24 °C 
for 60 min. Aliquots for virus titration were removed from all 
solutions at the indicated times throughout the incubation. 
Small-scale experiments were conducted in 40-ml volumes, 
approximately 0 001% of production scale. 

Although 20 mM caprylate is used in this step in production, 
the concentrations of caprylate evaluated in these studies 
ranged from 11 mM to 20 mM. As the Gamunex® intermediate 
contains = 8 mM residual caprylate [11], caprylate from a 
2-1 m stock solution was added to increase caprylate levels 
to within the desired range. To confirm that the targeted 
caprylate range was reached during inactivation experiments, 
the concentration of caprylate in the process intermediate 
following addition was measured. Analytical testing could 



not be performed on virus-spiked solutions, so mock-spiked 
solutions, containing 10% (v/v) virus propagation medium 
instead of virus, were generated. 

Low-pH incubation 

During the manufacture of Gamunex®, the final product at 
pH 4*0-4*3 is incubated at 23-27 °C for 21-28 days as an 
enveloped virus-inactivation step. For this study, the Gamunex® 
final product that had been adjusted to pH 4-4 was spiked to 
10% (v/v) with WNV and incubated at 23 °C. Samples were 
removed on days 3, 7, 14 and 21, and infectious WNV was 
quantified. As pH 4*4 is above the normal pH range used in 
production, this represented a *worst-case' situation. The 
volumes used for the virus-inactivation experiments were 
similar to the final container sizes of product. 

Preparation and quantification of viruses 

W (the WR strain) was propagated and assayed at AppTec 
Laboratory Services (Camden, NJ). All WNV, except for that 
used in the Gamunex® low-pH incubation study, was also 
propagated and assayed at AppTec Laboratory Services, 
where infectious WNV or W was quantified by making 
end-point serial log dilutions of the test samples or positive 
controls in serum-free medium. W was assayed with a plaque 
assay using monkey kidney (BS-C-1) indicator cells. WNV 
(the NY-99 strain) was assayed with a plaque assay using 
African green monkey kidney (Vero) cells. For both viruses, 
0*5-ml aliquots of serial dilutions of samples were plated on 
multiple wells of six-well plates. Virus titres were reported as 
plaque-forming units (PFU) per ml 

WNV (NY-99 strain), used in the Gamunex® low-pH 
incubation study, was propagated and assayed in Vero cells 
that were obtained from the American Type Culture Collec- 
tion (ATCC; Rockville, MD). Sindbis virus (Ar-339 strain) was 
propagated and assayed in Baby Hamster Kidney (BHK-21) 
cells obtained from the ATCC. BVDV (Kentucky-22 strain), 
obtained from the Biological Research Facility and Faculty 
(Ijamsville, MD), was propagated in Madin-Darby bovine 
kidney (MDBK) cells and assayed in bovine turbinate (BT) 
cells. Test samples were neutralized before they were assayed. 
All in-house viruses were quantified by tissue culture infec- 
tious dose 50 (TCID 50 ) and, for each dilution, 8-12 replicates 
of a 0* 1 -ml aliquot were plated in each well of 96-well micro- 
titre plates. Cell monolayers were then observed microscopi- 
cally for the presence of viral infection, as indicated by a 
viral cytopathic effect (CPE). Each well was scored as positive 
or negative, and the results were converted into a titre (log 
median TCID 50 /ml) by using the method of Spearman a 
Karber [12,13]. 

Duck hepatitis B virus (DHBV), a hepatitis B virus (HBV) 
surrogate, was obtained from Hepadnavirus Testing, Inc. (Palo 
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Alto, CA) and consisted of DHBV-containing serum obtained 
from congenitally infected ducklings. The virus was assayed 
at AppTec Laboratory Services in primary duck hepatocytes. 
Samples were serially diluted and 0-5 ml of each dilution was 
assayed in quadruplicate in 48-well plates. Ten days follow- 
ing inoculation, monolayers were fixed and wells containing 
infected hepatocytes were identified using fluorescence micro- 
scopy after incubation with a murine monoclonal antibody 
to the DHBV surface antigen, washing and a subsequent in- 
cubation with a fluorescein isothiocyanate (FITC)-conjugated 
sheep antibody to mouse immunoglobulin G. Results were 
converted into a titre by using the method of Spearman a 
Karber [12,13]. 

For all virus assays, limits of detection were based on 
the results of cytotoxicity and viral interference experiments, 
which evaluated whether the product intermediates were toxic 
to the indicator cells or interfered with the ability of the virus 
to infect the cells. 

Results 

Pasteurization 

The data in Table 1 show the inactivation of WNV, W and 
BVDV in a r PI during a 10-h pasteurization at 60 °C. The 
protein, at a concentration of 25 mg/ml, is in a citrate buffer 
containing 0*38 m citrate and 37% sucrose for stabilization 
during heating. W was reduced by 2 log 10 within 1 h, and 
by 3 h was undetectable. WNV and BVDV were inactivated 
to the lower limits of detection within 3 h, and infectious virus 
was undetectable after 5 h at 60 °C A total of > 6-5 log 10 , 
> 5*0 log 10 and > 4-9 log 10 of WNV, W and BVDV, respec- 
tively, were inactivated. 



Table 1 Virus inactivation during pasteurization (10 h at 60 °C) of the 
alpha,-proteinase inhibitor (oc r PI) 



Time at 60 °C (h) 


WNV 3 


W 


BVDV* 


Unheated c 


7-5 


6-0 


5-6 


1 


1-9 


3-7 


3-2 


3 


1-1 


<10 


0-9 


5 


<10 


£10 


£07 


10 


£12 


£ vo 


£07 


Log 10 reduction factor 


>6-5 d 


>50 


>4-9 



a Data from the West Nile virus (WNV) and vaccinia virus (VV) samples are 
expressed aslog 10 plaque-forming units/ml. 

b Data from the bovine viral diarrhoea virus (BVDV) samples are expressed as 
log 10 tissue culture infectious dose 50/ml. 

c Virus was spiked into samples once they reached 60 °C. As the potential 
existed for immediate inactivation, the initial virus concentration was 
determined from an unheated sample. 

inactivation was calculated from the value from the first time-point where 
samples were at the lower limit of detection. The increased detection limit 
for the WNV 10-h time-point was the result of reduced volume testing. 
WNV values represent the mean of three determinations, BVDV values 
represent the mean of two determinations and W values represent a single 
determination. 

WNV and W were also inactivated during the pasteurization 
of HPPS (Table 2). This solution contained 5 mg/ml protein 
and was stabilized with 4 mM sodium caprylate and 4 mM 
acetyltryptophan. Complete inactivation of WNV was ob- 
served after 30 min of heating at 60 °C, resulting in a total 
inactivation of > 71 log 10 . Approximately four log 10 of W 
was inactivated within 30 min; within 2 h of pasteurization, 
no infectious W was detectable. A total inactivation of 
> 5-7 log 10 W was observed. 



Table 2 Viral inactivation during pasteurization (10 h at 60 °C) of Fraction V products 



5% Albumin 25% Albumin HPPS 



Time at 60 °C (h) WNV BVDV* WNV 3 BVDV 6 WNV 3 W 3 



Unheated 3 7-4 4-8 

0-5 0-8 £ 0-7 

1 0-2 £ 0-7 

2 < 0-3 < 0-7 
5 £ 03 £ 0-7 
10 <0-0 d <0-7 
Log 10 reduction factor > 7-4 > 4-1 



6-7 4-4 7-4 60 

£0-3 £07 £0-3 1-7 

< 0-3 £ 0-7 £ 0-3 0-8 

£0-3 £0 7 £0-3 £0-3 

£0*3 £0 7 £0-3 £0-3 

£0-0 d £07 £0-3 <0-3 

>67 >3-7 £7-1 >5-7 



a Data from the West Nile virus (WNV) and vaccinia virus (VV) samples are expressed as log 10 plaque-forming units/ml. 
b Data from the bovine viral diarrhoea virus (BVDV) samples are expressed as log 10 tissue culture infectious dose 50/ml. 

'Virus was spiked into samples once they reached 60 °C. As the potential existed for immediate inactivation, the initial virus concentration was determined from 
an unheated sample, 
increased volume testing. 

WNV values represent the mean of three determinations, BVDV values represent the mean of two (albumin) or four [human plasma protein solution (HPPS)] 
determinations and W values represent a single determination. 
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(a) 



-0-3% TNBP/1% Tween 
- 0-15% TNBP/05% Tween 



Except for the 0-5 hour 
samples, all values were 
below the limit of detection 



> 

3 



Hours 





(c) 



- 0-3% TNBP/0-2% Cholate 

- 0-15% TNBP/0-1% Cholate 



Except for the 0 hour 
samples, all values were 
below the limit of detection 



1 6 

CO 

> 

Q. 



Except for the 0 hour 
samples, all values were 
below the limit of detection 



Hours 



(d) 



6 



0 2 4 6 0 

Hours 

Fig. 1 Inactivation of West Nile virus (WNV) and vaccinia virus (W) in solvent/detergent. Solutions of anti-haemophilic factor (AHF) were treated with tri-(n- 
butyl)-phosphate (TNBPJ/Tween 80 and the inactivation of infectious (a) WNV in 0-3% TN BP/ 1% Tween 80 or 0-15% TN BP/0- 5% Tween 80 or (b) Win 0-3% 
TNBP/1% Tween 80 was determined. For solutions of intravenous immunoglobulin produced using the solvent/detergent process (IVIG-S/D), the inactivation of 
(c) WNV in 0-3% TNBP/0-2% cholate or 0-1 5% TNBP/0-1% cholate or (d) W in 0-3% TNBP/0-2% cholate was determined. Each WNV point represents the mean 
of three determinations and each W point represents a single determination. The dashed lines in panels (b) and (d) represent the limit of detection. Overall 
reduction factors are presented in Table 3. 



When 5% or 25% albumin was spiked with either WNV or 
BVDV and pasteurized at 60 °C for 10 h, all infectious virus 
was inactivated (Table 2). Within 30 min of incubation of 5% 
albumin at 60 °C, WNV was near the lower limit of detection 
and no BVDV could be detected. Pasteurization of 5% albumin 
inactivated > 7-4log 10 WNV and > 4-1 log 10 BVDV. Similarly, 
pasteurization of 25°/o albumin resulted in the complete in- 
activation of both WNV and BVDV within 30 min. A total of 
> 6-7 log 10 WNV and > 3-7 log 10 BVDV were cleared. 

Solvent/detergent treatment 

Within 1 h of incubation of the AHF intermediate with either 
0-3% TNBP/ 1 o/o Tween 80 or 0- 1 5% TNBP/0-5% Tween 80, no 
infectious WNV could be detected (Fig. la). The production 
operating concentration of 0-3% TNBP/1% Tween 80 resulted 
in > 5-9 log 10 inactivation of WNV, and when the concentra- 
tion was diluted twofold, > 5-9 log 10 inactivation was also 
observed (Table 3). Solutions of AHF spiked with BVDV and 
incubated in 0-3% TNBP/1% Tween 80 or 0-15o/oTNBP/0-5% 
Tween 80 resulted in > 5*3 log 10 and £ 5-2 Iog 10 inactivation, 
respectively (Table 3). In contrast, W was more resistant to 
inactivation under these conditions. Following 6 h of in- 
cubation in 0-3% TNBP/1% Tween 80, 3 0 log 10 inactivation 
was achieved (Fig. lb, Table 3). 



Table 3 Virus inactivation by tri-(n-butyl)-phosphate (TNBP)fTween 80 in 
solutions of anti-haemophilic factor (AHF) or TNBP/cholate in intravenous 
immunoglobulin produced using the solvent/detergent process (MG-S/D) 

Log 10 inactivation 



Protein 


Inactivation step 


WNV 


BVDV 


W 


AHF 


0-3%TNBP/1%Tween 80 


>5-9 3 


>5-3 


3*0 b 




0-15% TNBP/0-5% Tween 80 


>5-9 a 


>5-2 


ND C 


MG-S/D 


0-3% TNBP/0-2% Cholate 


£5-9 d 


£4-2 


>4-6 c 




0-15% TNBP/0-1% Cholate 


£6-2 d 


>3-9 


ND 



"From Fig. 1(a). 
b From Fig. 1(b). 
C ND = not determined. 
d From Fig. 1(c). 
e From Fig. 1(d). 

For West Nile virus (WNV), each value represents the mean of three 
determinations; for bovine viral diarrhoea virus (BVDV), each value represents 
the mean of two or three determinations; and for vaccinia virus (W), 
the value is the result of a single determination. 
Solvent/detergent solutions were incubated at 28 °C for 6 h. 



© 2004 Blackwell Publishing Ltd. Vox Sanguinis (2004) 87, 10- 18 



Inactivation of West Nile virus, vaccinia, and model viruses 1 5 




- 0-3% TNBP/0-2% Cholate 
-0-15%TNBP/0-1% Chotate 



Except for the 0 hour 
samples, ail values were 
below the limit of detection 



Hours 

Fig. 2 Kinetics of West Nile virus (WNV) inactivation during the treatment 
of intramuscular immunoglobulin (IMIGJ with 0-3% tri-(n-butyl)-phosphate 
0"NBP)/0-2% cholate or 0- 1 5% TNBP/0- 1 % cholate. Each point represents the 
mean of three determinations. Total inactivations of £ 5-4 log 10 and > 5-6 
log 10 WNV were achieved in 0-3%TNBP/0-2% cholate and 0- 1 5% TN BP/0-1% 
cholate, respectively. 

Incubation of WNV in an IVIG-S/D process intermediate 
solution, containing either 0-3°/o TNBP/0-2% cholate (manu- 
facturing conditions) or 0-15% TNBP/0- 1% cholate, resulted 
in complete inactivation of the virus within 30 min (Fig. lc). 
Approximately 6 log 10 of WNV was inactivated (Table 3). 
Similarly, in 0-3<>/o TNBP/0-2<Y 0 cholate or 0-1 5<>/o TNBP/0- 1% 
cholate, > 4-2 log 10 and > 3-9 log 10 BVDV inactivation, respec- 
tively, was observed (Table 3). Unlike the observations with 
TNBP/Tween 80, complete and rapid inactivation of W was 
achieved during the treatment of IVIG-S/D with 0-3<>/o TNBP/ 
0-2% cholate. Within 30 min, > 4 log 10 of inactivation was 
achieved and, by 3 h, no infectious virus could be detected 
(Fig. Id). A total of > 4*6 log 10 of W was inactivated [Table 3). 

Similarly, WNV was readily inactivated when the IGIM 
process intermediate was incubated in either 0-3% TNBP/ 
0-2% cholate (manufacturing conditions) or 015% TNBP/ 
0*1% cholate (Fig. 2). Complete inactivation was observed 
within 30 min of incubation. Total inactivation of > 5-4 log lo 
and > 5*6 log 10 were achieved in 0*3% TNBP/0*2o/o cholate 
and 0-15% TNBP/0- 1% cholate, respectively. 

Caprylate treatment 

Treatment of a Gamunex® intermediate solution with sodium 
caprylate resulted in the complete inactivation of both WNV 
and W within 3 min. In 14 mM caprylate at 22 °C, > 5-0 log 10 
WNV was inactivated (Fig. 3a, Table 4). When incubated at 
22 °C in 20 mM caprylate, > 6-0 log 10 W was inactivated 
(Fig. 3b, Table 4). 

Caprylate has previously been shown to provide robust and 
effective inactivation of human immunodeficiency virus (HTV), 
pseudorabies virus (PRV) and BVDV [10]. To further evaluate 
the efficacy of this innovative method for the inactivation of 
enveloped virus, additional models for HBV and HCV were 
used in inactivation studies (Table 4). The data demonstrated 
that no infectious DHBV, an HBV surrogate, could be detected 
following incubation in 20 mM caprylate. Within 3 min, DHBV 
inactivation was complete (kinetics not shown). Another model 
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Fig. 3 Kinetics of West Nile virus (WNV) (a) and vaccinia virus (W) (b) 
inactivation during the incubation of Gamunex® in 20 mM caprylate. Except 
for the 0-h samples, all values were below the limit of detection. The dashed 
line represents the lower limit of assay detection. For WNV, each point 
represents the mean of three determinations and, for W, each point is a 
single determination. Overall reduction factors are presented in Table 4. 



for HCV - Sindbis - was similarly shown to be rapidly and 
completely inactivated in 18 mM caprylate. 

Inactivation of HTV, PRV and BVDV have previously been 
shown to be robust with respect to caprylate concentration 
[10]. Robust inactivation of BVDV with respect to protein 
concentration, pH and incubation temperature have also been 
demonstrated [10]. To further investigate the robustness of 
caprylate inactivation of enveloped viruses, a series of studies 
were performed to evaluate the robustness of Sindbis virus 
inactivation with respect to caprylate concentration, protein 
concentration, pH and incubation temperature. These data, 
shown in Table 5, demonstrate that within the ranges in- 
vestigated, these operating parameters did not influence 
Sindbis inactivation by caprylate. Under all conditions, 
complete inactivation of Sindbis was observed within 10 min 
(kinetics not shown). 



Low-pH incubation 

Incubation of the Gamunex® final product (pH 4-4) at 23 °C, 
resulted in the effective inactivation of WNV (Fig. 4). Within 
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Table 4 Inaetivation of enveloped viruses in the 
Gamunex® process intermediate containing 
20 nrm caprylate during incubation at 24 °C: 
within 10 min, all viruses were undetectable 



Virus 


Models 








Loa in reduction 


HIV 3 


HIV-1.HIV-2 


>4-7 


PRV 3 


Human herpesviruses, H8V 


>4-6 


BVDV 3 


HCV 


>4-5 


Sindbis" 


HCV 


£6-0 


DH8V 


HBV 


>4-6 


WNV C 


Relevant 


>5-0 


W d 


Relevant, variola, monkeypox 


£60 



a Data obtained from a previously published reference [1 8]. 
b From Table 5. 
c From Fig. 3(a). 
d From Fig. 3(b). 

BVDV, bovine viral diarrhoea virus; DHBV, duck hepatitis B virus; HBV, hepatitis B virus; HCV, hepatitis C 
virus; HIV, human immunodeficiency virus; PRV, pseudorabtes virus; WNV, West Nile virus; W, vaccinia 
virus. 

The reduction factor for W represents a single determination. All other reduction factors were the mean 
of three determinations. 



Table 5 Robustness of Sindbis virus inaetivation with respect to caprylate 
concentration, protein concentration, pH and incubation temperature 
during the caprylate-inactivation step of the Gamunex® process 



Log 10 Sindbis 



Parameter 


Parameter level 


inaetivation 


Caprylate 


18 DIM 


£6-0 


concentration 


15 mM 


>5-9 




11 mM 


>5-9 


Protein 


1*1% 


>5-8 


concentration 


1-2% 


> 60 




15% 


£5-8 


PH 


4-9 


£6-3 




5-1 


> 60 




5-3 


£6-3 


Temperature 


25 °C 


>6-0 




20 °C 


>58 



One parameter was varied at a time, while all others were held at the 
production-operating setpoint (shown in bold; 20 mM caprylate, pH 5-10, 
1-2% protein, 25 °C), Each value represents the mean of three 
determinations. 



3 days of incubation at pH 4*4, WNV was near the lower limit 
of detection and, by the next time-point (7 days), complete 
inaetivation was achieved. A total of > 4-8 log 10 inaetivation 
was observed. 

Discussion 

Effective inaetivation of WNV, BVDV and W by pasteuriza- 
tion was demonstrated in a variety of protein solutions, even 
in the presence of a stabilizer. Although albumin, HPPS and 
oij-PI utilize different excipients for stabilization (e.g. sucrose, 




limit of detection 

Except for days 0 and 3, all 
values were below the limit 
of detection. 



0 7 14 21 

Days 

Fig. 4 Kinetics of West Nile virus (WNV) inaetivation during low-pH 
incubation of Gamunex®. WNV was spiked into the Gamunex® final product 
that had been adjusted to pH 4-4, and was incubated for 21 days at 23 °C. 
Virus infectivity was monitored by removing samples for titration at 0, 3, 7, 
14 and 21 days after incubation began. The value at each time point 
represents the mean + 1 SD of three determinations. A total of > 4-8 log 10 
WNV inaetivation was achieved. 

citrate, tryptophan) and were at different protein concentra- 
tions, complete inaetivation of the viruses was achieved, 
demonstrating that this technology provides robust inaetiv- 
ation of enveloped viruses. As the complete inaetivation of 
WNV, BVDV and W was observed in both 5% and 25% albu- 
min, similar inaetivation of these viruses would be expected for 
all intermediate concentrations. 

Both WNV and W have previously been shown to be 
susceptible to inaetivation by heat. Complete inaetivation 
of W was observed during the pasteurization of solutions of 
immunoglobulin at 60 °C [14,15], and a recent report has 
demonstrated the inaetivation of WNV during the pasteur- 
ization of albumin [16]. A number of studies, including this 
one, have demonstrated the inaetivation, by pasteurization, 
of viruses that are closely related to WNV, such as BVDV, tick 
borne encephalitis virus, yellow fever virus and Sindbis virus 
[16,17,19]. The data reported here, which demonstrated a 
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similar inactivation of WNV and BVDV by pasteurization of 
GCj-PI and albumin, support the predictive value of inactiv- 
ation information from model viruses. W is antigenically 
similar enough to both variola (smallpox) and monkeypox 
viruses to be used as a vaccine [7], The susceptibilities to pas- 
teurization of monkeypox virus and variola virus, then, are 
probably similar to that of W. 

Solvent/detergent treatment is widely used to inactivate 
lipid-enveloped viruses. Treatment of the AHF intermediate 
with 50% of the TNBP/Tween 80 concentration used in the 
manufacturing process provided rapid and complete inactiv- 
ation of WNV. Again, these results were very similar to those 
of the related virus, BVDV, supporting the validity of this 
virus as a model for WNV. 

W, however, was more resistant to inactivation by TNBP/ 
Tween 80. The production-operating concentration of TNBP/ 
Tween 80 did not achieve complete inactivation of W, although 
the virus titre was reduced by over 3 log 10 . The resistance of 
W to solvent/detergent has previously been observed [18, 19]. 
W is unlike other enveloped viruses in that it can be present 
in two infectious forms, both of which are membranous and 
one of which is a double membrane with a complex structure 
[9,20]. 

In contrast to TNBP/Tween 80, in this study, TNBP/cholate 
provided effective inactivation of both WNV and W Treat- 
ment of human placental tissue with 0-3%TNBP/0*2°/o cholate 
at 4 °C resulted in substantial, but incomplete, W inactiv- 
ation [21]. In the current study, TNBP/cholate in a solution of 
IVIG, rather than tissue, was incubated at 28 °C, and com- 
plete inactivation of the virus was achieved. Cholate may be 
able to solubilize W membranes more efficiently than other 
detergents. Thus, these TNBP/cholate data provide evidence of 
the ability of this method to effectively inactivate enveloped 
viruses with a wide variety of characteristics. It also suggests 
that an emergent enveloped virus with characteristics similar 
to the viruses for which TNBP/cholate data exist will also be 
susceptible to inactivation by this method. 

WNV was effectively inactivated during the low-pH incu- 
bation step of the Gamunex® process, even when the incuba- 
tion was performed at pH 4-4, above the upper pH limit of the 
manufacturing range (pH 4-0-4-3). The susceptibility of this 
virus to low-pH-mediated inactivation has previously been 
demonstrated, and the current data confirm that incubation 
of this product under conditions of low pH similarly achieve 
inactivation of the virus [16,22]. It is likely that any manu- 
facturing step that was performed at a low pH would effec- 
tively inactivate WNV. Vaccinia has also been shown to be 
susceptible to inactivation at low pH [23]. 

Caprylate treatment provided rapid and complete inactiv- 
ation of the wide panel of enveloped viruses that were 
evaluated. To date, all enveloped viruses evaluated, represent- 
ing a wide variety of physicochemical characteristics, have 
been inactivated to the limit of detection within minutes of 
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incubation in caprylate. Caprylate inactivation of W was 
similar to that of other enveloped viruses, demonstrating that 
it can be an alternative to solvent/detergent treatment for the 
inactivation of resistant enveloped viruses. These data also 
suggest that any emergent enveloped virus with, a complex 
lipid membrane may be similarly susceptible to this means 
of inactivation. 

The data presented here support the robust inactivation 
of enveloped viruses by caprylate. A number of enveloped 
viruses, representing a variety of virus families, were shown 
to be completely inactivated within minutes of incubation 
with caprylate. In addition, data obtained using Sindbis 
virus demonstrated that during the Gamunex® manufactur- 
ing process, variations in caprylate concentration, protein 
concentration, pH or incubation temperature would not alter 
the overall inactivation or the inactivation kinetics of this 
HCV surrogate. 

These data also demonstrated the validity of the use of 
model viruses for inactivation studies. Inactivation of WNV 
by pasteurization, solvent/detergent treatment and caprylate 
treatment was very similar to that observed with BVDV in 
this study. The use of surrogate viruses for those viruses that 
cannot readily cultured in vitro is a widely used strategy that 
has been advocated by regulatory agencies [1]. BVDV has 
been used as a model for HCV for many years, and its ability 
to predict the inactivation of HCV has been verified by the 
lack of transmission of this pathogen by blood products 
subjected to inactivation measures that achieve signific- 
ant levels of BVDV inactivation. The WNV data presented 
here support the use of model viruses; WNV inactivation 
mirrored that of BVDV. The appearance of a novel viral 
pathogen should not place the safety of plasma-derived 
products in jeopardy as long as data from viruses with 
similar physicochemical characteristics support effective 
inactivation during manufacture. Data from studies with 
a wide panel of model viruses, representing a range of 
physicochemical properties, should provide a basis for deter- 
mining whether an emergent pathogen is likely to present 
a threat to biological products. 

Although data from model viruses was predictive of the 
safety of plasma-derived products with respect to transmission 
of WNV, W or other potential viral contaminants with similar 
properties, the results of the current study provide definitive 
confirmation. This is consistent with the conclusion of others 
[16]. Furthermore, these data justify the model virus approach 
for assessing the viral safety of these products. 
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The risk of viral tranMnissun by transfusion has been reduced 
with the introduction of careful Refection procedures foxbtood 
donors, and with the implementation of screening tests far 
known btaodborne pathogens for each blood donation. 1 

However, although these strategies have significantly 
increased the safety of the blood supply in developed 
countries, there remains a residual risk of viral transmission. 
This is doe to the so-called window period or lag phase 
between donor infection and the point at which 
seroconversion gives rise to a positive screening result 
Nudekadd technology has reduced this window period to 
between 8-11 days for human inunuriodefkiency virus 
(HIV) and hepatms Cmfection.' 

The second concent is the emergence of new infectious 
agents such as variant Creutzfeldt-Jakob disease (vQD), the 
bktodborne hepatitis virus that is rrarishision^ransmitted 
(TTV) with unknown clinical significance' and West Nile 
virus, an outbreak of which occurred in New York. 4 

While the safety of the blood supply has improved and the 
risk of viral transmission has diminished, the opposite is true 
for bacterial contamination. This was the first recognised 
mfectkras hazard of transfusion and remains an ongoing 
problem. Sepsis and mortality can result from the 
transfusion of contaminated blood products. Platelet 
concentrates ate especially implicated due to their storage at 
room temperature. 9 It has been estimated that the risk of 
acquiring an infectious disease following a transfusion of 
five biocd components is approximately 2.7/1CC0 patients 
transfused. 0 

. Products derived from fractionated plasma undergo viral 
irtaenvation steps as part of the manufacturing process, but 
these methods are inappropriate for more labile blood 
frreduc te suc h as platelet concentrates and fresh frozen 
piasroa (FFiy Recently, techniques have been developed to 
inactivate pathogens in both platelet concentrates and rW 
and it is considered mat the introduction of these into the 
manufacturing process would ensure the safety of these 
blood products to an even greater extent. 
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Blood can harbour many pathogens, including enveloped 
and non-enveloped viruses, bacteria, parasites and possibly 
prions. 7 Viruses can exist in blood as ceB-free forms in 
plasma, cell-associated fosms (dmer m or on leucocytes), or 
integrated into the genomic mcdac adds of cells such as 
leucocytes and megakaryocytes as a latent provtral tern.* 

Blood donations are currently screened for hepatite* B 
surface antigen, anti-HlV-1 and -2, anti-hepatitis C virus, 
and hepatitis C nucleic acid. A proportion of donations are 
also screened for anti-cytoiriegalovinis (CMV), 

The incidence of viral transmission by transfusion is now 
so rare, however mat introspective studies no longer can be 
used to assess risk levels. Mathematical models can be 
employed to give an indication of the level of rtek Estimates 
for the risk of viral transmission per unit, based on 
mathematical models, are 1/1.8 milium units Cor HIV, 1/1.6 
million for hepatitis C virus (HCV) and 1/220 COO for 
hepatitis B virus (HBV). 1 

There are also known bloodborne viruses that are not 
screened for, such as parvovirus B19, hepatitis G and various 
herpes viruses. While their clinical significance is unclear m 
the general population, there are certain categories of 
patient in whom transmission of these viruses is 
undesirable. 1 

Blood is abo screened for antibodies to Thpottem pallidum, 
the causative agent of syphilis. This is not thought to be of 
significant risk for transfusion purposes, but the continued 
inclusion of mis test might serve to identify blood donors 
with undesirable lifestyles.* 

RuMrarttfusion bacterial infection usually results from 
bacterial ccmtairtinatkm, often due to the mtrcduction of 
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bacteria from the donor's skin. 5 In several countries bacterial 
contamination is die most frequently encountered 
transfusion complication; however the level is difficult to 
establish due to under reporting. 7 

Yomtovian has likened the problem to an icebei^' because 
only the tip, representing the clinically significant cases, is 
apparent In reality, the level of contamination is much 
higher, but not all cases produce symptoms, and not all 
symptoms can be attributed to a transfusion. Thus, the 
actual frequency of bacterial contamination is hard to assess, 
but is estimated to be ap prox im ately 1/2400 single donor 
platelet units.* 

There are commercially available products to screen for 
bacterial contamination and their use is to be mandated in 
the USA. Bacterial contamination can be detected, but 
testing requires sampling at time intervals up to 48 hours, 
therefore a holding phase is required.* Blood collection bags 
that divert the first 2D mL of the donation minimise the 
introduction of skin bacteria. 1 ' 

Creutzfeldt-Jakob disease and vCJD, so-called mad cow 
disease, are human forms of spongiform encephalopathy 
caused by infectious prion proteins. 1 Currently, no screening 
technique has been introduced into routine use, bur possible 
testing systems are under development/ 

Possible prion transmission route is thought to be via theB 
lymphocytes, a route suggested by limited experimental 
data that show that mice Jacking mature B lymphocytes do 
not become infected with prions. 1 This data is the major 
factor in the decision to leucodeplete all donated blood in 
the UK and Ireland" 

ferhaps surprisingly, contarrtinating leucocytes are also 
considered as pathogens, and as such are targets for 
inactivation. This is because they can be the source of 
infection and give rise to an untoward transfusion outcome/ 
Their presence is undesirable for several reasons. The first is 
that leucocytes may harbour and transmit cell-bound 
infectious agents such as CMV and HIV, and may be 
involved in the transmission of prions. While this is a major 
consideration for pathogen inactrvation, transfusion of 
contaminating leucocytes can also cause other side-effects 
such as febrile non-haemolytic transfusion reactions 
(FNHTR), graft versus host disease (GVHD), and, as a 
consequence of immune modulation, post-operative 
infections and tumour reoccurrence. 

The introduction of teucoctepfeubn as part of the blood 
processing scheme is designed to reduce the risk of immune 
and viral compficatkms, but is not adequate to prevent 
trartsfuston-associated GVHD (TA-GVHD) or CMV infection/ 



Process requirements 

An effective pathogen inactrvation technique would achieve 
greater transfusion safety man any further refinements in 
microbiology testing because more pathogens can be 
inactivated than are currently tested foe The advantage of 
this is that as new pathogens enter the donor supply, its 
safety would be maintained by the further development of 
macuvation procedures. 4 However, the addition of any 
substance to blood products Is not without risk, and several 
factors must be considered before a particular technique for 
pathogen inactivation is used routinely. 
Areas mat need to be studied carefully indude the efficacy 



of the process, as ideally all targets need to be inactivated, 
and whether the blood product is damaged or altered by the 
process, as FFP and platelet concentrates need to be 
functional when transfused. The process used must be non- 
toxic to the recipient The safety and efficacy need to be 
assessed by m vitro and in vivo tests, and successful clinical 
trials have to be undertaken. 

It is expected that there should be some cost to health 
benefit in undertaking the procedure, as the mtroduction of 
expensive extra steps in the manufacturing process should 
provide additional safety and heatw benefits to the recipient 

Procedures currently at various stages of development can 
be loosely divided into two categories: photohiactivation 
and what are broadly classed as 'new technologies'. 
Photoinactivation methods are based on the use of 
photosensi users, which are dyes that have light absorption 
properties if illuminated by a specific Hght source. This can 
lead to photodynamic reactions in which active oxygen 
species disrupt the viral envelope, or to photochemical 
reactions in which the pathogenic nudek add is altered 
irreversibly So-called new technologies are based on 
compounds that modify cellular or viral nucleic adds 
irreversibly, but do not necessarily need an external energy 
source, 7 

Platelet concentrates 

Recognition of potential bacterial contamination of platelet 
concentrates due to the rapid replication of bacteria at zoom 
temperature fed to the reduction in in xritw storage of 
platelets from 7 to 5 days.* 

In addition to targeting the known viral risks, any system 
for pathogen inactivation used on platelets needs to act 
against a broad spectrum of bacteria to eliminate them and 
inhibit any regrowth during the shelf-life of the product 
Platelet function needs to be intact; and there must be an 
adequate increase in the platelet count post-transfusion.* 

in urfro platelet assays are commonly used, but mere is 
some doubt as to whether or not they predict platelet 
recovery and survival pctf -transfusion. The most sensitive 
and specific assessment is thought to include morphology 
score, shape changes, hypotonic shock reversal (which 
correlates well with recovery, but not lifespan) and 
adenosine triphosphate content pH is also important 
because if it drops below 62 then platelet life span is 
reduced. Although assessment using these criteria is 
important, satisfactory results do not guarantee haemostasia, 
the curucal evaluation of which is difficult to assess.* 

Gamma irradiation (25 Gray) to inactivate rymphocytes is 
used to prevent TA-GVHD following platelet transfusion. 12 
This dose is insufficient to inactivate any microbial 
pathogens in the platelet concentrate. The dose that would 
be needed to achieve this would make platelets non-viable, 
and therefore this technique cannot be considered for 
pathogen inactivation. 7 

Photochemical treatment 

Several potential inactivation techniques applicable to 
platelet concentrates have been investigated. Merocyanlne 
540, which targets vital envelopes, leads to platelet 
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activation and serotonin release, so its use was not pursued 
further Thionlne also has pathogen inactivation properties 
when excited by light at 59011m, and its use is being explored 
by German scientists.* 

The main focus of interest has been on a group of 
compounds known as psoralens. These are planar 
rurocoumarins, many of which are synthest&ed by plants, ate 
present in vegetables such as celery, and have little known 
toxicity. 

Psoralens bind reversibly with both single- and double- 
strand nucleic adds by intercalation, and then react with 
UVA light to inactivate pathogens by an irreversible 
photochemical reaction in which monoadducts and 
crosslinks are formed." Different psoralen structures lead to 
differences in nucleic add binding constants and therefore 
different pathogen inactivation efficiency. 

Binding inhibits nucleic acid replication, transcription and 
translation. This is not specific to pathogenic DNA but is 
beneficial/ as nucleic ceil function is not vital for transfused 
platelets and nudeic add disruption in any residual 
leucocytes wul diminish, the occurrence of FNHTR, TA- 
GVHD and adverse Immune responses. 

The first psoralen studied was mettioxypsoralen (8-MOP) 
which targets all three viral forms, as well as Gram-positive 
and GranvnegarJve bacteria and protozoa. As a result of the 
photochemical reactions with UVA fight, adduct formation 
with nucleic add is observed, but binding is of tow affinity 
and competitive binding with plasma proteins is seen. Long 
illumination tunes, reduced oxygen levels and suspension of 
platelets in a non-protein medium are needed to achieve 
pathogen inactivation. This is not satisfactory for routine use 
so this compound has not been developed further. 11 

Another psoralen studied Is a synthetic compound known 
as aminornethyl trimethyi psoralen (AMI). This is effective 
for viral inacUvation, but its action against bacteria b 
unknown. However, considerable UVA illumination is 
needed and free radical quenchers such as rutin must be 
added to prevent the active oxygen species formed 
damaging the platelets. This adds to the complexity of the 
system Tccdcology studies also reveal that residual AMT (the 
remnants following photochemical treatment) has 
mutagenic potential in the absence of light* 

A nturtber of psoralens have been synthesised and from 
these an antinoaLkylated psoralen, originally termed S-59 but 
now known as amotosalerv" was chosen because of its 
favourable toxicology profile. Structurally, it combines the 
characteristics of 8-MOP and AMT* 

Infectious pathogens are rapidly inactivated due to the 
high binding affinity of amotosalen with nudeic adds. Using 
a platelet additive solution to reduce the plasma 
concentration, platelet function is maintained. Abo, there is 
no need for the addition of quenchers. 

The pathogen inactivation potential of amotosalen and 
UVA Ught was determined by adding high levels of 
pathogens to platelet concentrates, and using bioassays to 
assess the level of infectivity after treatment 0 H1V-1, 
hepatitis B and C, and examples of both Gram-positive and 
Gram-negative bacteria are all inactivated following 
illumination by 39/cm 1 UVA Ught" 

In vitro platelet function was assessed by comparing 
treated and non-treated platelet concentrates. Treated 
platelets showed similar results to non-treated platelets, 
apart from a difference in F-seiectin expression, which may 
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be a predictor of shortened survival post-traTtsfusion/ 

Clinical trials have been completed successfully, firstly 
using autologous radiolabelled platelets in healthy 
volunteers. Although the results showed decreased platelet 
recovery and lifespan, they were tolerated without adverse 
incident Treated platelets have also undergone trials in 
patients with thrombocytopenia/ which proves that 
haemostatic function is maintamecl 7 Extensive evaluations 
have been undertaken both in Europe and in the USA with 
no problems observed in haemostatic ability, recovery or 
survival 0 

There has been some concern about whether or not 
photochemical treatment of platelets will lead to the 
production of neoantigens, which could cause problems for 
patients receiving multiple platelet transfusions/ but 
evidence produced so far does not indicated this.* 

The INTERCEPT system, which employs amotosalen, has 
been developed by Cerus in collaboration with Baxter 
Healthcare. 11 It inactivates pathogens in platdeJtconcentrates 
by what is known as Helinx technology, and is the only 
system ready for the cornmercial market A phase in trial 
(the euroSPRITE trial) has been completed using pooled 
bufiy coat platelets,, and no differences were observed in 
haemostatic function or adverse events between treated and 
non-treated platelets.' 7 

The system has obtained a CE mark and process 
evaluation for European blood bank good manufacturing 
practice requirements has been undertaken.* Currently, 
introduction of this technology Is awaiting government 
approval. An additional benefit of the INTERCEPT system is 
that gamma irradiation is not required, as the inactivation 
technique prevents GVHD. 

In the USA, platelets are prepared by apheresis or from 
platelet-rich plasma derived from whole blood; therefore, 
due to this variance in production, further clinical trials are 
required before it can be considered for this market It is 
possible that pathogen inactivation may be used in addition 
to detection tests.* 



Fresh frozen plasma 

Fresh frozen plasma is used to treat congenital coagulation 
deficiencies when no specific coagulation factor is available, 
and also for acquired coagulation deficiencies because it 
contains all the coagulation factors and inhibitors normally 
present in plasma. Brat-time donations are not used to 
prepare FFP in order to minimise viral risk." 

Viruses are the main target fox pathogen inactivation in 
FFP, especially those that can exist in a cell-free form in 
plasma. Any inactivation technique employed needs to 
maintain the functionality of the product at an adequate 
level. This can easily be assessed in vitro by clotting screens 
that measure coagulation pathways (e.g., prothrombin 
time), by coagulation factor assays that measure the level of 
specific factors, and by assays that test fox the presence of 
inhibitors of haemostasia (e.g* antirhrornbin III, and proteins 
CandS). 

Tests can also be performed to detect markers which 
signify activation of the product 7 in vivo tests used to ensure 
the efficacy of the product include pharmacokinetic studies 
in volunteers who have received an FFP transfusion* and 
also by assessing the response when the product is 
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transfused into patterns with known coagulopathies 7 

Viral irtactlvaUon ofFFP is more advanced than for platelet 
concentrates, as there are currently two virally inactivated 
products available in the UK. The two processes used are 
methylene blue treatment and solvent detergent treatment" 

Methylene blue treatment 

Methylene blue, in combination with visible light, has 
pathogen inactivating properties. It is a hydrophllic dye that 
undergoes a photodynamic reaction with tight to form a 
reactive oxygen species. This leads to oxygen depletion and 
cell damage. Viruses are killed by the energy transfer 
reactions involving oxygen in this excited state,' 

The process inactivates enveloped viruses by damaging 
their nucleic adds, preventing replication; however, it is 
unclear whether or not non-enveloped viruses are 
inactivated. 11 There is some evidence to suggest that 
methylene blue is effective against parvovirus B19/ and it is 
estimated that 50% of prion proteins are removed by the 
filtration step that is part of treatment 19 

Methylene blue treatment afreets several labile plasma 
products such as FVTII, but the levels obtained, although 
reduced by 15-20%, remain within acceptable limits;* 
however, concern has been raised that only plasma from 
group A donors, who are known to have higher levels of 
FVHL would maintain acceptable levels after treatment" 
fibrinogen is also susceptible to photo-ooddatrve damage, 
and some reports have suggested up to 39% reduction in 
activity* 

As methylene blue is not effective against cell-associated 
viruses, any residual ceils are first removed by filtration, and 
then the dye is added and the pack tfhiminated. Techniques 
are now being developed so that both sides of the pack can 
be inuminated at the same time, and up to three packs 
processed together to speed up the procedure." 

There are concerns about the toxicity of methylene blue, 
but it has been used therapeutically at much higher levels, 
with no resulting toxicity observed, and mere are processes 
available to remove the methylene blue if required. Over 
two million methylene blue-treated plasma donations have 
been transfused across Europe, without adverse reaction; 11 
however, it is no longer accepted by European regulatory 
authorities, due to concents about mutagenicity, and is 
currently onty used in the UK.*" 

Owing to the unknown risk of vCJD transmission, 
methylene blue-treated plasma for use in neonates and 
children bom after 1 January 1996 has been available in the 
UK since July 2002* This product was chosen as it is the only 
sm^enirdt patrtogeivmactrvated plasma . . 

In order to limit donor exposure further and allow 
additional product criteria to be developed, the National 
Blood Service (NBS) uses a panel of accredited donors for 
the preparation of blood components for paediatric and 
neonatal use* 

Soon, the plasma used will be sourced in North America, 
following Department of Health recommendatioa If this is 
frozen prior to import and methylene blue treatment in the 
UK, a further loss in coagulation factor activity is expected. 1 * 

Owing to a lack of data on clinical efficacy and tolerance, 
the equivalency of methylene blue-treated plasma and FFP 
has not been demonstrated satisfactorily.* 



Solvent detergent treatment 

The other virally inactivated product available for use In the 
UK is solvent detergent-treated FFR This is used widely in 
Europe, and in countries such as Norway and Belgium its 
use has completely replaced that of FFE* m addition, the 
Food and Drug Administration has recommended approval 
of this product in the USA. 1 

Upld-enveloped viruses can be differentiated from 
protein-coated viruses by the use of solvent ethyl ether and 
the detergent Tween 80. This forms the basis on which viral 
inacdvation using solvents and detergents has been 
developed. Different solvent and detergent combinations 
have been evaluated for their ability to inactivate enveloped 
viruses without detriment to FFP function. 

The method currently in use involves treatment with 1% 
TH (N-butyl) phosphate (TNBP) and 1% Triton x-100** 
These are removed using vegetable oil extraction and 
reverse phase chromatography with a C18 ream during the 
purification process, and the levels remaining are not 
expected to have any dmkal side effects. 

Solvent detergent treatment Is effective against the 
majority of trarisru^ion^ransrmtted viruses (eg., HIV HBV 
and HCV) as these are enveloped viruses. Solvent detergent 
treatment is not effective against non-enveloped viruses, 
.which means that hepatitis A (HAV) virus and parvovirus 
B19 may not be inactivated by this process. It is also 
suspected that prion proteins are not inactivated by this 
treatment* 

Solvent detergent treatment is used to process large pools 
of ABO-idenucal plasma donations, and some 600-1500 
donations are pooled In Europe and up to 2500 In the USA. 11 

Presence of HAV and parvovirus B19 will be diluted in 
the process and It may provide partial protection due to 
the presence of antibodies to these viruses in the plasma 
pool. 27 There have been clinical cases of parvovirus 
seroconversion reported following the transfusion of 
this product 7 

Pooling the plasma may reduce the risk of post- 
transfusion complications such as allergic reactions and 
transfusion-related acute lung injury (TKALl)," 

As seen with the use of methylene blue, solvent detergent 
treatment results in a decrease in coagulation factor activity, 37 
FVTII activity is reduced by over 20% and levels of protein 5 
and *-2 arttiplasmin fall by more than 50%. The process also 
removes ru^h-moiecular-weight von Willebrand factor 
muitimers, which makes It particularly suitable for the 
treatment of thrombotic thrombocytopenic purpura (TTP). 17 
As the batch product Is treated in its entirety, the levels of 
coagulation factors are consistent throughout" 

The major concern about the use of solvent detergent- 
treated FFP seems to be that it is a pooled product Although 
this may convey some benefits, the risk of parvovirus B19 
transmission may mean that it is not the product of choice 
for certain at-risk categories of patient such as pregnant 
women and patients with severe immunodefidencles and 
haemolytic anaemia.' 

Solvent detergent-treatment only inactivates enveloped 
viruses and although the process reduces the viral risk from 
currently known pathogens, there is always the risk that 
newly emerging ones may not be Inactivated. The use of a 
pooled product then provides the potential for widespread 
transmission.* 
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It has been suggested that in order to satisfy all categories 
of patient it may be necessary to stock a variety off FFP in the 
blood bank. 0 



While pathogen irtactivation is considered to be the way 
forward, the pursuit of zero risk must be balanced against 
cost-effectiveness. 

Pharmaccsconomic studies have considered several 
factors. The selection of donors and the screening of 
donations already includes a high cafety margin, thus any 
further imp ro ve ments will be slight hard to prove and 
expensive, resulting in a marginal costbenefit ratio. 

Qhucal trials do rcott necessarily show equivalency with 
non-treated products. Greater volumes of raw materials 
(up to 30%) may have to be used in the rnanufocttmng 
process to achieve an 'equivalent' product This has obvkms 
economic implications, and supply may be a problem with 
an evsaxlecreaslng donor population. 23 

Cost effectiveness studies in this area are limited but, due 
to the high mortality factor associated with patients 
reccivmg bleed products, it 13 estimated that the transfusion 
of virally inactivated FF£ instead of a standard pack, 
prolongs survival by just one hour and 11 minutes.* 
However, this slight benefit is probably negated by the 
hazards associated with the inactivation process* 

Obviously, there are more health benefits to be gained 
from pathogen inactivation of platelets, especially if 
the need to irradiate for selected patients at risk from TA- 
GVHD is removed, and the problems due to bacterial 
contamination are eliminated* Currently, cost effectiveness 
must be considered for each product as each is processed 
differently. The ideal approach would be the use of one 
aJS-embracing technique on the complete donation before It 
is split into components. The development of new 
techniques using riboflavins may offer pathogen 
inactivation techniques a ppro p ria te to JFFE red cells and 
platelet concentrates. 1X0 

Whichever inactivation technology is chosen, its 
introduction will have impKcafiona for NBS personnel and 
this ongoing issue is lilcely to result in changes ca research is 
put into practice. It has been suggested that it may not be 
necessary to employ sophisticated screening tests in (tandem 
with pathogen mactrvatkm processes, and some savings 
could be made by discontinuktg less-infonnanve screening 
tests." 

Government legal advfoe is that any patient who becomes 
infected following a transfusion may have the basis of a 
claim against the MBS if technology for pathogen 
inactivation Is available bat not used.* 

Errors in the chain of events hading to a transfusion 
contribute significantly to adverse transfusion outcomes; 
however, the introduction of pathogen inactivation 
techniques will not lead to a reduction m such events. It has 
been suggested that strategies to improve the level of safety 
in this area would be tar more costafrective, and these 
should be considered. 23 

The current tendency towards the introduction of 
procedures thought to increase transfusion safety appears to 
be driven by public concern, media frenzy, politics and the 
fear of litigation. These may be the driving force behind the 



introduction of new techniques, rather than an evidence* 
based, cost-effective scientific decision, but such techniques 
may move zero-risk Weed transfusion a step dose* □ 
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1. INTRODUCTION 



The aim of this chapter is to outline the general principles that manufacturers should follow in 
performing a risk assessment with respect to potential virus transmission from plasma-derived 
medicinal products and the basis for its evaluation by the competent authorities. 

2. GENERAL PRINCIPLE OF THE RISK ASSESSMENT 

The principle of the risk assessment is to weigh up the potential amount of a given virus that may be 
present in the starting material ("potential virus input") against the capacity of the manufacturing 
process to inactivate or remove the contaminant virus ("overall virus inactivation/removal capacity"). 
In addition, by considering the amount of starting material needed to manufacture a single dose of 
product, the probability of potential virus contamination in a single dose of the final product can be 
estimated. The purpose of this assessment is to evaluate whether there is an adequate safety margin. 

There are various factors, such as epidemiology, viraemic titre, virus inactivation/removal steps and 
product yield, that influence the level of infectious virus particles in a dose of final product and the 
reliability of the risk assessment will depend on the extent of information available on these factors. 
Many of these factors may vary and worst case scenarios should be considered. Since the minimum 
infectious dose for humans for many viruses is not known and since the stability of virus-antibody 
complexes during the manufacturing steps is usually unclear, it should be assumed that each virus 
particle entering the plasma pool might be infectious. 

2.1 Potential virus input 

For viruses that are potential contaminants of human plasma, the amount of virus that may 
contaminate the plasma pool for manufacture ('potential virus input') should be estimated. The 
'potential virus input' is determined by the number of viraemic donations that could enter the 
manufacturing pool, the volume of individual donations and the titre of a viraemic donation. 

The number of viraemic donations depends on the epidemiology in the donor population and on the 
frequency of donations from an individual donor. Donor selection and exclusion criteria, as well as 
inventory hold measures, should be assessed for their effectiveness in decreasing the number of 
viraemic donations that may enter the manufacturing pool. Any available information on the specific 
donor population from the Plasma Master File should be incorporated into the risk assessment. In 
cases where such data are not available, information should be sought from other sources e.g. general 
epidemiological surveys or investigational studies on the donor population. 

The viraemic period should be described with respect to its length and virus titre. Testing of single 
units is the most sensitive strategy to exclude viraemic donations. In cases where donors are 
individually screened by specific tests, the titre of viraemic donations that are not recognised by such 
tests (e.g. donations from the 'window period') has to be considered 

A 'minipooP represents a defined number of aliquots of donations that are pooled for testing purposes. 
Testing of minipools (e.g. by nucleic acid amplification technologies (NAT)) may be a valuable tool in 
identifying and excluding highly viraemic donations. If this strategy is applied, the titre of viraemic 
donations that will not be detected should be determined. 

Sensitive assays such as NAT can define an upper limit for virus contamination of the plasma pool. 
However, the sensitivities of tests applied to the manufacturing pool are limited and measures that 
identify and exclude contaminated donations may also result in the viral input being below that which 
can be detected at the manufacturing pool level. 

2.2 Overall virus inactivation/removal capacity 

The principles for determination of the virus inactivating/removal capacity of a production process and 
for interpretation of these data have been outlined in the CPMP guideline on virus validation 
(CPMP/BWP/268/95). Virus validation is an approach that has to be interpreted carefully with respect 
to reliability of the data from scaled-down experiments using model viruses or specific laboratory 
strains. The reliability of the virus reduction factors with respect to variations of manufacturing 
process parameters should be carefully considered. Despite the care that has to be applied to virus 
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validation in order to generate reliable data, there may remain some limitations, for example, the 
validity of summing-up logarithmic reduction numbers from single steps should be considered 
carefully and justified. The relevance of the viruses used in validation studies (model viruses or 
specific laboratory strains from the same species) should also be discussed. 

For emerging viruses, the specific physical characteristics of the emerging virus should be discussed 
carefully with respect to any model viruses for which data have previously been derived. If it is 
possible to handle the emerging virus in the laboratory, investigational studies are recommended to 
evaluate the relevance of previously derived data. If it is not possible to use the emerging virus for 
validation studies, the use of a closely related model virus should be considered if pre-existing data 
were derived using viral species that are not adequate models of the emerging virus. Depending on the 
available data, further validation with the relevant virus or a more specific model virus should be 
decided on a product-specific basis. 

2.3 Contribution from specific antibodies to virus safety 

Specific antibodies may contribute to virus safety. A specification of the antibody content in the final 
product and validation of its neutralisation capacity could substantiate the role of specific antibodies in 
assuring the virus safety of a specific product. However, the benefit of specific antibodies in the pool 
for fractionation is difficult to assess as there is no reliable information on viral neutralisation at this 
manufacturing stage nor on the stability of virus-antibody complexes during further downstream 
processing. 

2.4 Estimation of virus particles per dose 

The amount of plasma used for production of one dose of final product should be defined considering 
the product yield from plasma, the batch sizes, the number of vials produced from a batch and the 
number of vials per treatment (dose). The relevant data should be provided from process validation. 
Comment should also be made on the use of the product, e.g. single use versus continuous treatment. 

The potential number of virus particles per dose of product can be calculated from the viral titre in the 
starting material, the volume of plasma required to produce one dose and the viral clearance factor 
obtained from validation studies. An example of such a calculation is outlined in Appendix 5 of the 
ICH guideline on viral safety (CPMP/ICH/295/95). As a general principle, for a safe product, the 
virus inactivation/removal capacity should clearly exceed the potential amount of virus that could 
enter the production process, leading to an adequate safety margin for a dose of final product. The 
number of estimated virus particles per dose may be discussed in respect to what is known about the 
minimum human infectious dose. Any statement about the human infectious dose included would 
have to be substantiated by valid data regarding the route of administration. If such data are not 
available, a conservative approach using viral genomes as an indicator of potentially infectious virus 
particles in the starting material should be followed. 

3. CLINICAL EXPERIENCE AND SURVEILLANCE 

The clinical experience with respect to virus transmission from the product, including any reports of 
virus transmission with the product or any similar product, should be discussed. However, an absence 
of reported transmissions does not prove the viral safety of a product in each case because undetected 
transmissions may have occurred or the product may have been used in a non-susceptible population. 
Further, the number of investigated patients from clinical studies is usually too low to detect 
infections, and experience and pharmacovigilance cannot be applied to emerging viruses or viruses 
that are not detected or carefully considered by this system. 

4. APPLICATION OF THIS GUIDELINE 

A viral risk assessment for HIV, HBV, HCV, B19 and HAV should be performed for all new 
marketing applications. This will allow assessors to weigh up viral safety and will substantiate 
statements on virus safety and any remaining potential risk in the SPC, as outlined in the Note for 
Guidance on the Warning on transmissible agents in SPCs and Package Leaflets for plasma-derived 
medicinal products (CPMP/BPWG/BWP/561/03). 
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For products for which a marketing authorisation has already been obtained, a risk assessment will be 
expected for HAV and B19 if claims are made regarding effective measures for these viruses. If no 
claims are made, no risk assessment is required. In either case, risk assessments for HIV, HBV and 
HCV are not required. 

A risk assessment will not be expected for any albumins manufactured by an established process 
where a general statement on virus safety is foreseen in the core SPC. 

A risk assessment should be performed whenever post-pooling information indicates that a 
contaminated donation has entered the manufacturing plasma pool 1 . 

For emerging viruses, an appropriate risk assessment should be made with reference to any available 
position statements (e.g. for West Nile virus). 



Further guidance on the actions to be taken in this situation is provided in this Note for Guidance on Plasma-derived medicinal products in 
the section on source materials, and in Annex 14 to the EU guide to Good Manufacturing Practice. 
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1. INTRODUCTION 

1.1 This guideline discusses the need for and the contribution of viral validation studies 
towards the viral safety of biological products. The principal aims of the guideline are to 
provide guidance on the design of a validation study including the choice of viruses to be 
used and on the interpretation of the ensuing data especially with respect to defining a 
process step which can be considered to be effective in the inactivation and/or removal 
of viruses. 

1.2 The guideline concerns the validation of virus inactivation and/or removal procedures 
for all categories of medicinal biological products for human use with the exception of 
live viral vaccines including genetically engineered live vectors. The type of products 
covered include: 

• products derived from in vitro culture of cell lines of human or animal origin, 

• products derived from in vivo culture of cell lines, or from organs or tissues of 
human or animal origin, 

• products derived from blood or urine or other biological fluids of human or animal 
origin. 

1.3 The risk of viral contamination is a feature common to all biologicals whose production 
involves the use of material of animal or human origin. Viral contamination of a 
biological may arise from the source material, e.g. cell banks of animal origin, human 
blood, human or animal tissues, or as adventitious agents introduced by the production 
process, e.g. the use of animal sera in cell culture. 

1.4 In the past, a number of biologicals administered to humans have been contaminated 
with viruses. In several instances, the virus was only identified many years after the 
product had been introduced into the market since contamination occurred prior to 
adequate knowledge concerning the presence of the infectious agents. The primary 
cause of these viral transmissions has been contamination of the starting or source 
materials. Examples include Yellow Fever vaccine which was contaminated by avian 
leukosis virus by virtue of its production in naturally infected hens eggs, whilst SV40 was 
a contaminant of poliovirus and adenovirus vaccines prepared in the 1950's on primary 
cultures of kidney cells obtained from Rhesus monkeys naturally harbouring a clinically 
inapparent infection with SV40. In addition, viruses present in human plasma, e.g., HIV 
and HCV, have contaminated blood products whilst human growth hormone extracted 
from the pituitaries of cadavers has been implicated in the transmission of the 
aetiological agent responsible for Creutzfeldt-Jakob disease. Contamination of a 
biological can also arise from the use of infected material during production or as an 
excipient. Perhaps the most notable was Yellow Fever vaccine contaminated with HBV 
present in human serum used as a stabiliser in the 1940's. 

1.5 Three principal complementary approaches can be adopted to control potential viral 
contamination of biologicals: 

(i) selecting and testing source material for the absence of detectable viruses, 

(ii) testing the capacity of the production processes to remove or inactivate viruses, 

(iii) testing the product at appropriate stages of production for freedom from 
detectable viruses. 

No approach provides a sufficient level of assurance alone and this will only be achieved 
using a combination of the above. 



1.6 Testing of starting materials is essential to minimise viral contamination. While tests 
may be able to detect one or more virus species, no single test will be able to 
demonstrate the presence of all known viruses. Moreover all test systems require a 
minimum level of viral contamination to record a positive and tests are also limited by 
statistical considerations in sampling. Some tests, e.g. the test for antibody to HCV in 
human plasma, may measure markers of infection which only become positive sometime 
after infection. Similar considerations apply to testing of the final product. 

1.7 Therefore establishing the freedom of a biological from infectious virus will in many 
instances not derive solely from direct testing for their presence, but also from a 
demonstration that the manufacturing process is capable of removing or inactivating 
them. Validation of the process for viral inactivation/removal can play an essential and 
important role in establishing the safety of biological products especially when there is a 
high potential for the source material to be contaminated with a virus known to be 
pathogenic for man, eg. plasma derived products. Also, since many instances of 
contamination in the past have occurred with agents whose presence was not known or 
even suspected at the time of manufacture, an evaluation of the process can provide a 
measure of confidence that a wide range of viruses including unknown, harmful viruses, 
may be eliminated. 

1.8 The intention of this note for guidance is to provide a general framework for validation 
studies and the virological approach which should be used in the design of virus validation 
studies. Manufacturers should apply the recommendations presented here to their 
specific product taking into consideration the nature of the source material, the 
procedures used for production and purification and any other factors which can have 
consequences on this safety issue. The approach used by manufacturers in studies for 
evaluating virus elimination should be explained and justified. 

2. SOURCES OF VIRAL CONTAMINATION 

Viral contamination of biologicals can arise in the following ways: 

2.1 Source material may be contaminated with a virus indigenous to the species of origin. 
Blood can harbour many viruses and the use of products derived from human plasma has 
caused infections by HBV, HCV, HIV, parvovirus B19 and occasionally HAV. Murine 
viruses, some of which are pathogenic for man, may contaminate murine hybridomas. 
Cell lines which are intended to be used for genetic manipulation may be contaminated 
by viruses and, therefore, they should be chosen carefully and tested for freedom from 
detectable adventitious agents even before genetic manipulation, in order to start with a 
well characterised cell line. 

2.2 Cells may have a latent or persistent infection, for example, a herpes virus or a 
retrovirus, which may be transmitted vertically from one cell generation to the next as a 
viral genome and which may be expressed intermittently as infectious virus. 

2.3 The process of construction of a production cell line may introduce a contaminant virus 
indigenous to another species, e.g. an EBV transformed human lymphoblastoid cell line 
secreting a monoclonal antibody can be infected with a murine retrovirus after fusion 
with a murine myeloma. 

2.4 Adventitious viruses may be introduced by the use of contaminated animal products in 
the production process e.g. cell cultures may be contaminated with bovine viruses 
through the use of bovine sera or a murine monoclonal antibody used in affinity 
chromatography may contaminate a product with a murine virus. 



2.5 Other sources of contamination, eg., operating personnel or raw materials of non- 
biological origin, are possible. 

3. THE VALIDATION PROCESS 

3 . 1 The aim of viral validation studies is: 

(i) to provide evidence that the production process will effectively inactivate/remove 
viruses which are either known to contaminate the starting materials, or which 
could conceivably do so, and 

(ii) to provide indirect evidence that the production process might inactivate/remove 
novel or unpredictable virus contamination. 

This is achieved by deliberately adding ('spiking') a virus to material at various 
production steps and measuring its removal or inactivation during the subsequent 
individual step or steps. This will identify production steps which are effective in 
reducing the level of infectious virus and provide an estimate of the overall ability of the 
process to eliminate contaminating viral infectivity. 

3.2 Virus validation studies, as with direct testing of materials at appropriate steps, 
contribute to confidence in the virological safety of the product. However, all virus 
validation studies must be regarded as an approximation to the true capacity of the 
process since it may be difficult or impossible to conduct a perfect validation study of a 
process because of the large numbers of complex variables involved. Results have shown 
that even small modifications in procedure or the particular laboratory strain of virus 
used can have a large effect on virus removal or inactivation. 

3.3 Where the starting or source material is less well characterised, such as blood, tissues and 
organs of human or animal origin, or when cells have been cultured by in vivo techniques, 
there is a higher possibility of viral contamination and the manufacturing process will 
normally incorporate one or more effective virus inactivation/removal steps. Products 
derived from human plasma raise particular viral safety concerns and specific guidance is 
given in the CPMP guideline on 'Medicinal Products Derived From Human Plasma 
(Revised)*. 

3.4 In the past, where the starting material posed a lower virological risk, such as a fully 
characterized cell bank, the purification process often did not contain a specific virus 
inactivation/removal step and a validated purification process was considered to give 
sufficient levels of viral inactivation/removal. Clinical experience has not revealed any 
problems with this approach. However, some manufacturers of monoclonal antibodies 
(mAbs) are introducing specific viral inactivation/removal steps into their production 
process since mAb producing cell lines of murine origin inevitably secrete variable 
quantities of retroviruses which may be infectious, 

3.5 It should be borne in mind that cell culture systems inherently support virus replication. 
Therefore, a distinct low level of risk of viral contamination of the culture persists 
despite a high level of cell bank characterization and occasional cases of adventitious 
virus contamination have been reported. 

3.6 The justification for, and the extent of, the required validation studies will vary 
depending on the manufacturing process and type of product (eg., species of origin of 
starting material, whether source material is variable or defined, stability of the active 
material, etc.). The appropriateness of the studies will be reviewed on a case-by-case 
basis. 
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THE CHOICE OF VIRUSES FOR VALIDATION 



Viruses for validation should be chosen firstly to resemble viruses which may 
contaminate the product as closely as possible and secondly to represent as wide a range 
of physico-chemical properties as possible in order to test the ability of the system to 
eliminate viruses in general. 

Most validation studies employ laboratory strains of virus which can be produced and 
assayed conveniently. However, experience has shown, and manufacturers should be 
aware, that different laboratory strains of virus may have different properties from each 
other and from naturally occurring viruses. Consequently, any virus used in a validation 
study is actually a model virus. The manufacturer should justify the choice of viruses in 
accordance with the aims of the validation study and the principles laid down in this 
guideline. Unless otherwise justified, where two similar viruses could be used for 
validation studies either because of their equal resemblance to possible contaminants or 
similarities in their properties, the virus considered to be the more resistant should be 
used. 

Examples of the choice of viruses are: 

(i) Human plasma-derived clotting factor concentrates have been contaminated by 
HIV. Thus the production process for such materials must be evaluated for its 
ability to inactivate/remove infectious HIV. 

(ii) Cell lines derived from rodents usually contain endogenous retroviral particles 
which may be infectious (C-type particles) or non-infectious (A-type particles). 
Where the source material is obtained from rodent cell lines, the production 
process should be evaluated for its ability to inactivate/remove one of the closely 
related laboratory murine retroviruses. 

(iii) Examples of viruses representing a range of physico-chemical properties which 
have been used to evaluate the general ability of a process to remove virus 
infectivity include: 

a) SV40, poliovirus or an animal parvovirus as small non-enveloped viruses, 

b) a parainfluenza or a murine retrovirus as large enveloped RNA viruses, 

c) a herpesvirus as a large DNA virus. 

Examples of viruses which have been used in the past in validation studies are given in 
Table 1 . However, since these and the viruses mentioned above are merely examples, 
the use of any of them is not mandatory and manufacturers are invited to consider other 
viruses especially those which may be more appropriate for their individual processes. 
Further guidance on the choice of viruses for the validation of manufacturing processes 
of plasma derivatives is provided in the CPMP guideline 'Medicinal Products Derived 
From Human Plasma (Revised)'. 

There should be an efficient, sensitive and reliable infectivity assay for the viruses used. 
Viruses which can be grown to high titre will be desirable, although this may not always 
be possible. 

Products derived from ovine, caprine or bovine tissues raise the problem of 
contamination by agents of transmissible spongiform encephalopathy, such as scrapie, 
which accumulate in the central nervous system and lymphoid tissue. These agents are 
the subject of a separate note for guidance (Note for guidance for minimising the risk of 
transmitting agents causing spongiform encephalopathy via medicinal products. 
III/3 208/91 -EN). 



5. DESIGN OF VALIDATION STUDIES 

5.1 Validation studies involve the deliberate addition of a virus at various production steps 
and measuring the extent of its removal/inactivation during the subsequent individual 
step or steps. It is not necessary to validate every individual step of a manufacturing 
process. Only those steps which are likely to contribute to inactivation/removal of a 

, virus need to be subject to a validation study. 

5.2 GMP restraints prevent the deliberate introduction of any virus into the production 
facilities. Therefore, the validation should be conducted in a separate laboratory 
equipped for virological work on a scaled-down version of the production process and 
performed by staff with virological expertise in conjunction with the production 
bioengineers. Studies should be carried out in accordance with the principles of GLP. 

5.3 The comparability of the model and full scale procedures is the premise on which the 
results obtained with the scaled-down system can be accepted in evaluating the virus 
safety of the product. Therefore, the validity of the scaling down should be 
demonstrated, by comparison of process parameters such as pH, temperature, 
concentration of protein and other components, reaction time, column bed height, 
linear flow rate, flow rate to bed height ratio, elution profile and step efficiency (eg., 
yield, balance, specific activity, composition). Deviations which cannot be avoided 
should be discussed with regard to any potential influence on the results. 

5.4 Whenever possible, it should be shown whether the reduction in virus infectivity is 
accomplished by inactivation of virus or by removal of virus particles. This may be 
achieved by establishing the kinetics of loss and/or a balance of infectivity, as 
appropriate. Processes which reduce virus infectivity by inactivation are potentially 
more easily modelled than those which physically remove particles. For a viral 
inactivation step, the kinetics of inactivation should be studied and included in both 
tabular and graphical form in reports. Where the inactivation is too rapid to plot the 
kinetics using process conditions, further studies should be performed in order to prove 
that infectivity is indeed lost by inactivation. Thus appropriate controls should be 
introduced to detect possible interference with the assay from the sample or the matrix 
into which it is introduced and the limits of detection should be established. 

5.5 Production parameters which influence the effectiveness of a process step to 
inactivate/remove viruses should be explored and the results used in setting appropriate 
in-process limits. Critical parameters include: 

• mechanical parameters such as flow rates, mixing rates, column dimensions, 
column reuse, etc. 

• physicochemical parameters such as protein content, pH, temperature, moisture 
content, etc. 

5.6 Antibodies present in the starting material may affect the behaviour of a virus in 
partition or inactivation steps. Validation studies should take this into account. 

5.7 The validity of the log reduction achieved will be established from investigation of the 
effects of variation in critical process parameters used to set in-process limits. 
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5.8 Published work concerning the ability of related or generic processes to 
inactivate/remove viruses may provide an indication of which steps are likely to be 
effective. However, the variability intrinsic to validation studies arising from the need 
to model the process, choose viruses to be used and explore full scale production 
parameters on a laboratory scale, means that validation data must be based on 
experimental studies provided by the 

5.9 The amount of virus added to the starting material for the production step which is to be 
studied should be as high as possible in order to determine the capacity of the production 
step to inactivate/remove viruses adequately. However, the virus spike should be added 
such that the composition of the production material is not significantly altered 
(typically the volume of the virus spike will be less than 10%). Whenever possible, 
calculated reduction factors should be based on the virus which can be detected in the 
spiked starting material and not on the amount of virus added. 

5.10 If possible, virus in samples from model experiments should be titrated without further 
manipulations such as ultra-centrifugation, dialysis or storage. Where further treatments 
are unavoidable, e.g. to remove inhibitors or toxic substances, or storage for a period to 
ensure that all samples are titrated together, appropriate controls should be included to 
determine what effect the procedures have on the result of the study. Effects of the 
sample on the detection system, including toxic effects, should be recorded as they 
influence the limits of detection. 

5.11 Quantitative infectivity assays should be performed according to the principles of GLP 
and may involve plaque formation, detection of other cytopathic effects such as 
syncytia or foci formation, end point titrations (eg., TCID 50 assays), detection of virus 
antigen synthesis or other methods. The method should have adequate sensitivity and 
reproducibility and should be performed with sufficient replicates and controls to ensure 
adequate statistical accuracy of the result (see Appendix I). 

5.12 Nucleic acid amplification methods, e.g., PCR, are a promising approach capable of great 
sensitivity in detecting viral genomes and also can detect viruses such as hepatitis B and 
C for which culture systems are not available. However, an important limitation of the 
technology is that inactivated virus may still score positive in a genome amplification 
assay and thus may underestimate the degree of virus inactivation obtained by a 
potentially effective step. On the other hand, PCR may be of value in studies of 
processes which depend on virus removal. The use of this technology poses major 
problems in terms of quantification, standardisation, quality control and interpretation 
of results. Validation and standardisation of these assays must be unambiguously 
demonstrated before they are acceptable and extreme caution used in interpretation of 
both positive and negative results. 

5.13 Assurance should be provided that any virus potentially retained by the production 
system will be adequately destroyed prior to reuse of the system, e.g. by sanitization of 
columns, etc. 

6. INTERPRETATION OF DATA 

6.1 A combination of factors must be considered when judging the effectiveness of a virus 
inactivation/removal step. Assessment of a step based solely on the quantity of virus 
inactivated/removed can lead to the conclusion that a process meeting specified levels of 
virus reduction will produce a safe product. This is not necessarily the case. The 
following factors all contribute in defining the effectiveness of a step and the data must 
be carefully evaluated in each case: 
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(i) The appropriateness of the test viruses used (see Section 4). 

(ii) The design of the validation studies (see Section 5). 

(iii) The log 10 reduction achieved. Log reductions of the order of 4 logs or more are 
indicative of a clear effect with the particular test virus under investigation. 
However, it is emphasised that log number reduction cannot be used as the single, 
absolute measure of the effectiveness of a step. 

(iv) The kinetics of inactivation. This will indicate whether or not the measured log 
reduction is a conservative estimate. Virus inactivation is usually not a simple 
first order reaction and often has a fast initial phase followed by a slower phase. 
However, a dramatic reduction in the rate of inactivation with time may suggest a 
loss of effectiveness of the inactivating agent or that a residual virus fraction is 
resistant to the inactivating agent and implies that the step is neither highly 
effective nor robust. 

(v) The nature of inactivation/removal and whether it is selective for only certain 
classes of virus. A process step may be highly effective for some viruses but 
ineffective against others, eg., S/D treatment is effective against lipid-containing 
but not lipid- free viruses. 

(vi) The susceptibility of virus inactivation/removal to small variations in process 
parameters will affect the confidence placed in a step. 

(vii) The limits of assay sensitivities. 

It is the combined evaluation of the above factors that will lead to a decision on whether 
a process step can be regarded as effective, moderately effective or ineffective in the 
inactivation/removal of viruses. 

The following examples are intended to illustrate some of these principles and are 
neither definitive nor all encompassing: 

(i) Where a process step is challenged with 6 logs of virus and 4 logs are recovered, 
the step cannot be claimed to be effective, although it may contribute to overall 
removal. 

(ii) Where a process step is challenged with 6 logs of virus, but because of the 
cytotoxicity of the product the limit of assay sensitivity in the product is 4 logs, 
only 2 logs of removal have been demonstrated, and the step cannot be claimed to 
be effective. The process step may in fact be able to remove far greater quantities 
of virus, which might be demonstrated by a different experimental design. 

(iii) Where a process step is challenged with 6 logs of virus and 2 logs are recovered, 
substantial amounts of virus have been removed. The product is not virologically 
sterile. However, if this reduction is reproducible and not influenced by process 
variables, the step is of some efficacy. It contributes to overall reduction of virus 
load and may be counted as such. 

(iv) Where a process step is challenged with 6 logs of virus and no virus is detected in 
the product with a limit of sensitivity of the order of 2 logs, approximately 4 logs 
of removal have been demonstrated. This is substantial and the step may in fact 
remove far greater quantities than can be quantified or claimed. 



(v) Where virus is inactivated, the kinetics of loss of infectivity are important. If a 
process step involves prolonged incubation, e.g. heating for ten hours, and 
infectivity reaches the limits of detection rapidly, the process is likely to have a 
greater virucidal effect than can often be demonstrated. On the other hand, if 
infectivity is lost slowly and the limits of detection are reached towards the end of 
the treatment period, the step provides less assurance of viral safety. 

6.3 In general, partition processes are not considered to be effective viral removal steps 
although it is recognised that they can contribute to virus removal. Partition processes 
usually have a number of variables that are difficult to control and are often difficult to 
scale down for validation purposes. Furthermore, partitioning is dependent on the 
extremely specific physico-chemical properties of a virus which influence its interaction 
with gel matrices and precipitation properties. Thus a model virus may be partitioned in 
a completely different manner to a target virus because of relatively minor differences in 
surface properties such as glycosylation. Even a relevant virus propagated in the 
laboratory may act differently from the wild-type virus in this respect. However, if a 
partition process gives reproducible reduction of virus load and if manufacturing 
parameters influencing the partition can be properly defined and controlled and if the 
desired fraction can be reliably separated from the putative virus-containing fraction, 
then it could fit the criteria of an effective step. 

6.4 The objective of the validation is to identify steps effective in the inactivation/removal 
of viruses and to obtain an estimate of the overall capacity of the manufacturing process 
to inactivate/remove them. An overall reduction factor is generally expressed as the 
sum of individual factors (see Appendix II). However, a simple summing of low 
individual reduction factors may be misleading. Reductions in virus titre of the order of 
1 log or less are considered to be unreliable because of the limitations of virus validation 
studies and should be ignored. Manufacturers should differentiate effective steps from 
process steps which may contribute to removal but upon which less reliance can be 
placed. Consideration should also be given to whether virus surviving one step would be 
resistant to a subsequent step or alternatively have increased susceptibility. In general, a 
single step having a large effect gives more assurance of viral safety than several steps 
having the same overall effect. 

6.5 If little reduction of infectivity is achieved by the production process, and the removal 
of virus is considered to be a major factor in the safety of the product, a specific, 
additional inactivation/removal step or steps should be introduced. 

6.6 For all viruses, manufacturers will be expected to justify the acceptability of the 
reduction factors obtained. Results will be considered on a case-by-case basis. 

6.7 The GMP principle that material subjected to an effective virus inactivation/removal 
step should be segregated from untreated material should be rigorously applied. 

7. LIMITATIONS OF VALIDATION STUDIES 

Validation studies are useful in contributing to the assurance that an acceptable level of safety in 
the final product is established and do not by themselves establish safety. A number of factors in 
the design and execution of virus validation experiments may lead to an incorrect estimate of the 
ability of the process to remove naturally occurring virus infectivity. These factors include the 
following points. 

7.1 Experience has shown that different laboratory strains of virus may differ in their 
sensitivity to the same treatment. The particular virus chosen may therefore not 
resemble the virus for which it has been chosen as a model. Native viruses may have 
unpredicted properties, for example association with lipid, which may affect their 
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properties.Virus preparations used to validate a production process are likely to be 
produced in tissue culture. The behaviour of tissue culture virus in a production step may 
be different from that of the native virus for example if native and cultured viruses differ 
in purity or degree of aggregation. The strains of virus, their cultivation and assay, and 
details of sampling and storage should all be documented. 

7.2 There are some situations in which it may not be valid to add logarithmic reductions. 
For example, if a matrix is able to adsorb 10 4 infectious units of a virus and then cannot 
adsorb further material with comparable affinity then it will remove all virus when 
challenged with 10 4 infectious units, but only 1% when challenged with 10 6 . The 
clearance measured may therefore differ with the challenge titre. 

7.3 Inactivation of virus infectivity frequently follows a biphasic curve in which a rapid 
initial phase is followed by a slower phase. It is possible that virus escaping a first 
inactivation step may be more resistant to subsequent steps. As a consequence, the 
overall reduction factor is not necessarily the sum of reduction factors calculated from 
each individual step in which a fresh virus spike suspension is used. For example if the 
resistant fraction takes the form of virus aggregates, infectivity may be resistant to a 
range of different chemical treatments and to heating. 

7.4 Model scale processing is likely to differ from full scale processing despite care taken to 
design the scaled down process. 

7.5 The presence of antibodies to a native virus may affect partition of the virus or its 
susceptibility to chemical inactivation; but it may also complicate the design of the 
study by neutralising infectivity. The appropriateness of the study design may be 
difficult to judge. The level of antibody present may be considered a significant process 
variable. 

7.6 Small differences in production parameters such as protein content or temperature can 
produce large differences in the reduction of virus infectivity by whatever mechanism. 

8. RE-EVALUATION STUDIES 

8.1 Changes to the production process may necessitate a new validation study. 

8.2 As scientific experience accumulates, processes will require re-examination to ensure 
that they remain of an acceptable standard. 
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APPENDIX 1 



STATISTICAL EVALUATION OF VIRUS UTRES AND REDUCTION FACTORS AND 
ASSESSMENT OF THEIR VALIDITY 

Virus titrations suffer the problems of variation in common to all biological assay systems. 
Assessment of the accuracy of the virus titrations and reduction factors derived from them and 
the validity of the assays are therefore necessary to define the reliability of a study. The objective 
of statistical evaluation is to establish that the study has been carried out to an acceptable level of 
virological competence. 

1. Assay methods may be either quantal or quantitative. Quantal methods include infectivity 
assays in animals or in tissue culture infectious dose (TCID) assays, in which the animal or 
cell culture is scored as either infected or not. Infectivity titres are then measured by the 
proportion of animals or cultures infected. In quantitative methods, the infectivity 
measured varies continuously with the virus input. Quantitative methods include plaque 
assays where each plaque counted corresponds to a single infectious unit. Both quantal and 
quantitative assays are amenable to statistical evaluation. 

2. Variation can arise within an assay as a result of dilution errors, statistical effects and 
differences within the assay system which are either unknown or difficult to control. These 
effects are likely to be greater when different assay runs are compared (between assay 
variation) than when results within a single assay run are compared (within assay variation). 

3. The 95% confidence limits for within assay variation and for between assay variation 
normally should be of the order ±0.5 log 10 or better. Between assay variation can be 
monitored by the inclusion of a in-house reference preparation, the estimate of whose 
potency should be within approximately 0.5 log 10 of the mean estimate established in the 
laboratory for the assay to be acceptable. Within assay variation can be assessed by 
standard textbook methods. In any particular experiment, if the precision of the titration is 
less than these target figures, the study may still be acceptable if justified. 

4. The reduction in virus load should be calculated from the experimentally determined virus 
titres. The 95% confidence limits of the reduction factors should be obtained wherever 

possible. They can be approximated by ±J(s 2 + a 2 ) , where ± s is the 95% confidence 

limits for the viral assays of the starting material, and ± a for the viral assays of the 
material after the step. 

If after an inactivation/removal step no sample shows signs of infectivity, a reduction factor 
cannot be estimated by statistical means. To obtain an estimate of a minimum reduction factor, 
the titre should be expressed as less than or equal to one infectious unit in the volume of the 
highest concentration tested. Especially after potent inactivation processes, it can be expected 
that no sample shows signs of infectivity. To make the estimated minimum reduction factor of an 
effective inactivation process as large as possible, as much processed undiluted material as possible 
should be sampled. 
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APPENDIX II 

CALCULATION OF REDUCTION FACTORS 

The virus reduction factor, /?, for an individual inactivation or removal step is given by the 
expression: 

VI x 71 

R = log 

V2 x T2 

where, R = the reduction factor, 

VI = volume of starting material, 

Tl = concentration of virus in starting material, 

V2 = volume of material after the step, and 

T2 = concentration of virus after the step. 

This formula takes into account both the titre and the volume of the material before and after the 
step. 

Reduction factors are normally expressed on a logarithmic scale which implies that, while residual 
virus infectivity may be greatly reduced, it will never be reduced to zero. The European 
Pharmacopoeial convention 1 with respect to methods of sterilisation is that processes which 
deliver a sterility assurance level (SAL) of 10" 6 or better for bacteria, moulds and yeasts are 
considered adequate. A SAL of 10" denotes a probability of not more than one viable micro- 
organism in 1 x 1 0" 6 sterilised items of the final product. 



Methods of Preparation of Sterile Products" monograph of the European Pharmacopoeia 
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Information Sheet 



Ensuring the Quality and Safety of 
Plasma Derived Medicinal Products 



Scope 

This information sheet is intended to 
provide advise to National Medicine 
Regulatory Authorities, blood transfu- 
sion services, policy makers in national 
health authorities, manufacturers of 
plasma derived medicinal products and 
interested parties on the fundamental 
aspects supporting the quality and 
safety of these products. 



Plasma Derived Medicinal 
Products 

Plasma derived medicinal products are 
manufactured from human blood plasma 
{plasma). Plasma can be obtained from 
whole blood donations {recovered 
plasma) or by apheresis procedures 
{source plasma). Plasma is the source of 
a wide range of medicinal therapeutic 
products that are used for the treatment 
and prevention of a variety of life- 
threatening injuries and diseases often as- 
sociated with protein deficiency states. 

Improvements in protein purification 
technology {fractionation) over recent 
years have made available a wide variety 
of human plasma proteins that include: 

> Coagulation factors 

> Immunoglobulins 

> Albumin 

> Fibrin sealants 



The transmission of blood-borne patho- 
gens, such as hepatitis and Human Immu- 
nodeficiency Virus (HIV) are of particular 
concern in the manufacture of plasma de- 
rived medicinal products. A batch of 
starting plasma containing a single con- 
taminated unit of plasma potentially can 
transmit a blood-borne disease to a large 
number of recipients. 

From the contaminated plasma pool mul- 
tiple intermediate products and subse- 
quently numerous batches of final product 
can be manufactured. Therefore, the 
safety of products manufactured from 
plasma, is dependent on the measures 
taken to minimise the contamination of 
the starting material (donor selection, 
screening and testing). Safety is enhanced 
by the application of virus inactivation 
procedures and technology that removes 
or reduces the level of blood-borne vi- 
ruses and other infectious agents. 

The national Medicines Regulatory 
Authorities (MRAs) are responsible for 
the regulation of plasma derived medici- 
nal products. Over the past decades, they 
have been faced with serious and complex 
challenges at a scientific, technological 
and regulatory level to ensure that these 
biological products are of good quality, 
safety and efficacy. 

Quality Assurance Principles 

Conventional pharmaceutical products 
tend to be produced from chemically de- 
fined raw materials and the manufacture 



is controlled using reproducible chemical 
and physical techniques. Plasma derived 
medicinal products are inherently variable 
due to their biological nature, and the 
biological methods used to test them. Be- 
cause of the complexity and variability, a 
high level of expertise is required for the 
regulation and batch release of these 
products. As with other biologicals, four 
principal complementary approaches 
should be adopted to assure quality and 
safety: 

> Starting Material: Assurance of the 
quality and safety of the plasma for 
fractionation 

> Manufacturing technique: Control of 
fractionation and subsequent manu- 
facturing procedures for isolation, pu- 
rification, virus removal and inactiva- 
tion 

> Good Manufacturing Practice (GMP) : 
Strict adherence to GMP and the pre- 
vention of cross contamination 

> Product Compliance: Standardisation 
of biological methods needed in the 
characterisation of in-process and fi- 
nal products. 

National Medicines Regulatory 
Authorities: Standards setting 

National MRAs have the duty to ensure 
that the available pharmaceutical prod- 
ucts, whether imported or manufactured 
locally, are of high quality, safe and effi- 
cacious. Plasma derived medicinal prod- 
ucts should be included within the legal 
definition of pharmaceutical products, and 
fall under the jurisdiction of national 
MRAs. This function should have a firm 
statutory and legislative framework. 

A national MRA should be an entity fully 
independent from the manufacturer, un- 
dertaking its responsibility in an inde- 
pendent, legal, authoritative and impartial 
manner. 



National Medicines Regulatory 
Authorities: Responsibilities 

Regulations 

Individual Member States should develop 
and institute appropriate national regula- 
tions for plasma derived medicinal prod- 
ucts. The regulations should take into ac- 
count specific products, general products, 
starting materials and be authorised in the 
respective countries. 

They should be based on current interna- 
tional standards, such as those available 
from WHO and other regulatory authori- 
ties. National MRAs should actively par- 
ticipate in initiatives towards international 
harmonisation of regulation. 

Documentation 

The national MRA should develop docu- 
mentation to facilitate the application for 
registration (market authorisation, licens- 
ing) of plasma derived medicinal prod- 
ucts. 

Facility Documentation 
As part of the licensing procedure, details 
of the manufacturing buildings the loca- 
tion, construction, service facilities and 
details of the environment should be con- 
solidated in a file (Site Master File). 

Plasma Documentation 
As part of the licensing procedure, for 
plasma derived medicinal products, in- 
formation on the collection and control of 
the starting plasma material, should be 
documented (Plasma Master File). 

Such a system aims to ensure quality as 
well as the traceability of each plasma 
unit from the donor, through the manu- 
facturing process to the recipient of the 
product and vice-versa. Documentation 
should record such information as epide- 
miological data, the tests performed on 
the donor, donation, plasma unit, the 



plasma pool, and post-pooling informa- 
tion on the manufacture and control of the 
starting material 

National MRA are responsible for ap- 
proving the appropriate selection, use and 
validation of the types of diagnostic tests 
and test kits used for assaying viral mark- 
ers. These are used in the testing of blood 
donations, plasma units and plasma pools 
prior to entering the fractionation process. 

Inspection 

The national MRA has the responsibility 
to confirm that the manufacturer is ad- 
hering to the approved standards of good 
manufacturing practice and to national 
and other requirements for the manufac- 
ture and quality control of specific prod- 
ucts. 

Good Manufacturing Practices (GMPs) 
The manufacture of plasma products 
should be undertaken in accordance with 
the principles of good manufacturing 
practices (GMP). 

All the steps in their manufacture affect 
the quality of the final products, therefore 
all operations should be done in accor- 
dance with an appropriate system of qual- 
ity assurance and current GMP. 

Batch Release 

A batch of final product should be homo- 
geneous. Product can be processed in a 
single process or combine a series of pro- 
cesses. 

At the time the product is licensed, the 
national MRA should decide what level of 
control is going to apply to demonstrate 
the consistency of manufacture. The na- 
ture of the product arid the history of the 
manufacturer may influence the MRA de- 
cision. 

Licensing/Marketing Approval 
The national MRA should only issue a 
license (registration, marketing authorisa- 
tion) for a specified plasma derived me- 
dicinal product when it is satisfied that the 



product conforms to the applicable na- 
tional and/or international requirements, 
the manufacturer's specifications and has 
successfully complied with a GMP in- 
spection. 

National MRA responsibility includes the 
approval of viral inactivation and removal 
procedures applied to the manufacture of 
plasma derived medicinal products. 

International standards 
The measurement of biological activity in 
human blood plasma products should be 
directly referenced to the WHO Interna- 
tional Standards, defining an internation- 
ally agreed unit for a specific activity. 
Where it exists, the International Unit 
forms the basis for the establishment of 
clinical dosing and licensing. 

To strengthen harmonisation, the national 
MRAs should establish appropriate na- 
tional {secondary standard) reference 
materials calibrated against international 
reference materials. These can be made 
available to manufacturers. 

Post marketing surveillance 
Countries should establish a national sys- 
tem for the post-marketing surveillance of 
biological products. Clinicians and other 
health workers and professionals should 
be strongly encouraged to report to manu- 
facturers and national MRAs unexpected 
adverse events occurring after admini- 
stration of plasma derived medicinal 
products. 

.. Recall and revocation 
National MRAs should have a system for 
enforcing the recall of batches, revoking 
approvals and communicating such deci- 
sions to the manufacturer, users and to the 
MRAs of any countries importing the 
product. 
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Note: the information in this Fact Sheet does not involve the 
preparation and scope of application of blood components 
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World Health Organization 
Quality and Safety of Blood Products and Related Substances 
Department of Essential Health Technologies 
20 Avenue Appia, 1211 Geneva 27, Switzerland 
Fax: +41 22 791 4836 
www.who.int/biolooicals 
www.who.int/eht 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: __ = — 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



